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Design of Frames Sections. 


Design of Sections Subjected to M, P 


Moment & Normal yJJ| Frames J| تتعرض القطاعات فى‎ 


و ممكن أن تكون هذه القطاعات إما فى كمرات أو فى أعمده . 


9 

٩ 
ا‎ SA 
2 FIIIIISIIDISSDOSISISLSLSLLLI ZS 
YA 


§ 
؟ 


عموك 


Sec. (2-2) e 


Designed on Ms, Ps Designed on M, ر‎ 


فی حاله وجود ۲ , 4[ یجب عمل تصمیم للقطاع علی انه Ga ۸-5٥۰‏ 
أما فى حاله وجود 1[ فقط فيجب مراعاه إذا ما كان القطاع 
R—Sec. or T—Sec. or L—Sec. MM‏ 
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Steps of Design : 
1-Get Dimensions of the section. (bxt) 


2-Check IF P neglected or not. 
3- Get Reinforcement A6, A 


l-Get Dimensions of the section. (bxt) 


Take D = ( 300 mm or 350 mm or 400 mm) 
To get get the bigger value of t ڊ‎ (Bending) , t 2 (Normal) 


- Get d1=C, take C, =3.5 , J =0.78 (as R-See.) 


t 1= d,+ cover where cover = 50mm IF t < 1000mm 
= 100mm IF t>1000mm 


و 
100 


- Get lg Tak ٭ 0 وھ ل‎ 


From P= 0.35 Ac Fa,+ 0.67 As F, 


U.L. 


.P = 0.85 bts E,,+ 0.67 btz EF, 
100 
FP, „= (0.85 b Fou + o.67 PF, Fy) ta آ‎ 


. (= (1.1>1.3)t. ا‎ 


8 = The bigger vualue of t, & t2 


حح جح حح ج ج ج صضڪض ‏ جڪ ج ص صي 
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2- Check: 


e 
WwW 1- IF K= IT < 0.04 —- neglect Pr, 


and Design the Sec. on B.M. only as Beams. 


“ d- d, = م‎ [Mu take C, =3.5, J =0.78 (R-Sec.) 
٣ b take C, =6.0, ا ا‎ eee) 


L—Sec. 


فى بدايه التصميم نعمل تصميم على ۲ ,1 على أن القطاع -se٥.‏ 
و لكن اذا أهملنا ال ۶ فنعمل تصميم على 4[ فقط فيجب مراعاه 
اذا كان القطlع R-sec. or 7T—sec.‏ 


€ 
IF 7 < 0.05 > neglect M,, 


and Design the Sec. on N.F. only as 
Take | = 1.0 % 


Colurnns. 


Ac Foy+ 0.67 As F,‏ 0.35 ج 


„~P = 0.846 Ac F 4 a 8 F 
U.L. cu 0 


ممكن إهمال هذه الخطوه Get 4c, As‏ 
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IF K = hez > 0.04 Design the Sec. on both B.M.& N.F. 


Cw 


3- Get Reinforcement Ag, As 
طریيقه دقیقه (صعبه)‎ -١ : لحساب کمیه الحدید طریقتین‎ 
) طريقه تقريبيه (المعمول بها فى هذا الملف‎ - 


- Exact Method. طريقه ديق )صب(‎ -١ 


Use Interaction Diagram} [ECCS Page (4-20) —- (4-63) 


Pu. 


Interaction Diagram. (I, D) A4K- 


{ هو العرض الموازی لد ۳٣0۳e ۸٤‏ 


لتحدید الصفحه المطلوبه نحدد ثلاثه قیم ۰ O, E‏ :ر٣‏ 
Chart Key‏ مفتاح اlجدJa Chart Key‏ 
يوجد فى كل صفحه من صفحات ال .1.2 فى الجداول 
مفتاح للجدول لتحدید آی جدول سوف نستخدمه 
240 


Steel 280‏ راا ب 
y = Type of Stee 360‏ 
WwW‏ 400 


نسبة تحدد قبل بدہ ال rہ‏ 9ءء( 0.8 @ A:‏ 
و تۇخذ عاده تساوی ۱ 1.0 As‏ 


1 و تقرب للرقم الأصغر الا ن ا er‏ ا = ج 5 
1 التخانه الكليه 


Example: = 800 mm 


"= 200100 200 ج و‎ =8 N 


- OL = 


800 800 
حح ج حح حح صصص جج ج ص ڪڪ ص جص جي‎ 
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0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 05 
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How to determine the design Method by using I.D. ?? 
Fy» 4 بمعرفة کل من‎ €٣ بعد تحدید ال ما‎ -١ 
Mul. 


٣‏ نحدد قيمة کل من د K+E=‏ و 
Fabtُ‏ ° 


تم نحدد ذقطة التقاطع کما هو موصح K Ps‏ 


۳ تم نرسم ue‏ تقريبى لهذه النقطة Pu.‏ 
Feu, bt‏ 


Feu bt 

e M U.L. 

K Kk ۲3 کے‎ 5 
Foubt 
Mus. 
2 
Foubt 
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ع- نحدد النقطتين 0 ,ل على هذا اJ Curve‏ 
کما هو موضح بالشکل 


Kb = Ktbalanced 


Ko Fb 0.2 
F,bt 


حیث 0 هی نقطة min eccentricity‏ 
و عند هذه النقطة تكون 0.5 = 


و نقطة ا[ هى نقطة Balanced Failure J|‏ 
٥‏ من النقطتين 0[ ,ا نوصل خطين الى نقطة ال (0,0) ۸٣و٣٥‏ 


و نقسم المساحة الى Zorues‏ 
و نحدد طريقة ال "e809ء(‏ 


Zone ۸A > Design as 
Short Column 


VV 
0 vv 
0 B 3 
2 Zone BD y> Design as 
0 e e 4 e e 
r, B FT b Compression Failure 
00 
e) vv 


SNN 


Zone € > Design as 
Tension Failure 
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بعد تحديد نقطة تقاطع Mur‏ = م Pus K‏ > 
Fey bt Foubt‏ 
A4 < n‏ 
عند وجود نقطة التقاطع عند ۸ ع۸٩70‏ “< و 


SINS 
SNE 


3 


نهمل وجود moment J|‏ و نصمم على 
ال Norma]‏ فقط 


SIRS 


S5 


AAT 
> CIOS 


0 


Design as Short Column 


using Pu. 


عند وجود نقطة التقاطع عند Zone B‏ 
يكون أغلب القطاع علية ٥0n pres80۸‏ 


Design as Compression Failure 


using Interaction Diagram 


عند وجود نقطة النقاطع عند € 207e‏ 
یکون آغلب القطاع علیة ۸0۸ء7 


Design as Tension Failure 


using Cs 
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2— Approximate Method. ۰ طریقه تقریبیه‎ - ۲ 


(المعمول بها فى هذا الملف) 


هو العرض الموازی لا "0ne۸‏ 


SY 


ا 


- Get — 
<5 <0.5 
Big Eccentricity Small Eccentricity 
Tension Failure Compression Failure 


معناه أن محصله القوى تؤثر داخل القطاع | معناه أن محصله القوى تؤثر خارج القطاع 


P+ 
St. Hangers) 


حح جح ج ج ج ج ص ج ج ج ڪڪ ڪي 
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Design of Tension Failure Columns. 


عندما تکون قيمه 5< معناه أن محصله القوى تؤثر خارج القطاع . 
القطاع أقرب لقطاع الكمره منه لقطاع العمود . 
ای أن جهه من الخرسانه علیھا ۸ C٥۳۸ ٣٤s:0‏ و جھة علیھا e۸0۸‏ . 


| کک 
ا ۶ 


€ 


حيث €٥‏ هى بعد المحصله عن ال ٥.6€.‏ 
حيث ۽٥‏ هى بعد المحصله عن ال 1ععاء 


= 50mm IF t < 1000 mm 
Where: C is the Cover C 
= 100mm IF t > 1000 mm 
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— Get the moment about Tension steel 


M 
اا‎ di =Cr FF Get C, =7 3t, J-7 


— Get A From 


_Ms Pur 


8 JFyd JFyd ` (F5 


- Check As 


VE ).b.d 
Fy 


Compare area of tension steel with (0.225 + 


VF sD» Take 
Ir A 8,2 (0.225 b1 =< A4 8, 


: VF » D» Take 
IFAs, < (ese pe ebed =, As, 


= ا 0 


Stirrup Hangers. 


Stirrup Hangers = ( 0.1 > 0.2) Ag 
2%12 Frames 
سواء کان ال ١٥7٠م أفقى أو رأسى يعامل معامله الكمره‎ 
members J| yè stirrup hangers J| Ja ¥ ولكن يفضل أن‎ 
الرأسيه عن و4 0.4 و هذا ليس شرط.‎ 


الأكبر [ 
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Shrinkage Bars: (IF the see. in Beam.) 


{ >< 700 ^ عندما تكون‎ Shrinkage Bars توضع ال‎ _ 
2%10 at every 800mm = Shrinkage Bars J| و قيمة‎ _ 


COUET 


Example. 
IF t=800mm ٤ 
.. No.of Spacings = 800mm 
2%10 
ے‎ 800-100 _ 2.33 = 3.0 Spacing ٤ 
= 2.0 Bars | cover 


Buckling Bars. (Longitudinal Bars) 


(IF the sec. in Column.) 
.۷1 ۶ فى الأعمده التى يؤثر عليما‎ - 


يجب وصع أسياخ جانبيەه تسa” Buckling Bars‏ . 
- و توضع أيضاً عندما نكون 700 > (ليس مثJ Shrinkage Bors J|‏ ( 
_ و قيمa at every 250mm = Buckling Bars J|‏ 2%12 
_ و توضع کانات داخلیه 

بحيث لا تزيد المسافه بين كل فرع كانه و الفرع الذى يليه عن .. مم 


Example. 
COvVET 
IF t=650 mm 
: : 2%12 
“. No.of Spacings = 650mm 
650-100 e 
= 1 2.20 = 3.0 Spacing 
250 
= 2.0 Bars cover 
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Compression Failure. 


e 1 = "=‏ 
عندما نتکون قیمه 05<„ معناه أن محصله القوى تؤثر داخل القطاع . 
القطاع أقرب لقطاع العمود منه لقطاع الكمره . ا 
S‏ 
ای یوجد ٥٥۸p ٣٤0۸‏ على كل القطاع . 77 
سنحتاج لوضع تسليح فى الاتجاهين e As Ag‏ 


Interaction Diagram (I. D.) مدختسنi و‎ 


K- Pu. 
Foubt 


4 
ODL 


و ممكن من ال (.0.[) تصميم قطاعات 

Big eccentricity or small eccentricity 

أی عندما تکون 0.5< 2 or‏ 0.5 9 

و لکنه فی Big eccentricity aJ‏ ی 0.5 2 یکون غير دقیق 
و یعطی کمیات تسلیح کبیره و مکلفه . 

Losie Interaction Diagram (1.0.) J| لذا يفضل استخدام‎ 

2 <0.5 Î small eccentricity يكون القطاع‎ 
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Interaction Diagram مlدختwږا‎ دiع الانسب و الا وفر‎ 
As « e 
€ 

IF , <0.5 


As 


OL 


IF <5 


As 


4 


و ان کان الافضل حساب التسلیح بطریقه © 


ملحوظه 
لذا فی هذه الملفات سنستخدم قیمه 1.0= )© ٣ه‏ 0.8 = )© فقط 


مع العلم انه فى العمل توجد جداول | 1.0 ج0.0 = )© 
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To get ۳ ۴ 1 using Interaction Diagram. 


)4-63( ج—)4-20( ECCS Pages‏ 
لتحدید الصفحه المطلوبه نحدد ثلاثه قیم ۰ E‏ ,ل :ر٣‏ 
Chart Key‏ 


مفتاح اlجدJa Chart Key‏ 
یوجد فی كل صفحه من صفحات ال .1.2 فى الجداول 
مفتاح للجدول لتحدید ای جدول سوف نستخدمه 


F 240 

= Type of Steel 280 

e CC 360 7 
400 


A: 0.8 ٠ 
- @ = < ۱ و تۇخذ عاده تساوی‎ 
Ss 1.0 


المسافه بين الحديد dd‏ = - 
التخانه الكليه 
ا t- 2Cover‏ 4 
٢‏ : 
و الموجود فى الجداول | 0.9 ٣ث‏ 0.8 ٥٣‏ 0.7 = 


بعد حساب قيمه ي اذا كانت بين رقمين تقرب للرقم الأصغر 


1 
< 
1 
/ 


t-2Cover*™ | 


IT 


Example. t= 800 mm 


- 800-100 _ 700 


A0 = R00 = 0-875 ج س‎ =8 
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بعد تحديد ال .1.0 المطلوب 


Pus. Mur. قیمه کلا س‎ OC 
Fou, bt Foy, bt 


Pk Mur. 
و ڪڪ‎ 
Fou, Dt F,bt 


نحدد نقطه تقاطع كلا من 


8 


P hs 
Foubt 
Take 
IF P<1.0 => 
M U.L. 
F 2 
M UL ا‎ cu Dt 
Feub t 
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Chart (4-4) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


WDE. FAI EAN PF. 2a r O‏ ا 
إا EEA HERDE FE E. LTT ZT ATA JZ‏ 
بل لل ار E A r: ٣‏ : 1 


0.00 0.05 


0.E feu /Te 


E اا“‎ 


ECCS 203-2001 


ثم نعوض فى المعادلات الأتيه لتحديد قيمه 4١‏ ,ء4 


UM P+Fg,*10 


As = Û + D+«t 
AS= Q@+* As 
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— Check Asin 


Calculate Aç e As+ A; 


Calculate Ag. _ 0.8 bt 
TUT. `` 100 


As 
IF 4 نة‎ 2 Asmin .. O.K. 


IF ASrotaı < Aspin. take. As = AQ-= Asmin. 
2 


Shrink ag e Bars. (IF the sec. in Beam) 


_ توضع ال Shrinkage Bars‏ عندما تکون "n‏ 700 < ) 


2 $10 at every 300mm = Shrinkage Bars JI aميق و‎ _ 


Buckling Bars. (Longitudinal Bars) 


(IF the sec. in Column.) 
. ۸1 فی الأعمده التی پؤثر علیما ۶ ي‎ 


يجب وصع سياخ جانبيه تسمآJ Buckling Bars‏ . 

و توضع أيضاً عندما تکون "700 > ا (لیس مثل ال 878 eو Sirin‏ ( 
و قيمه at every 250mm = Buckling Bars JI‏ 2%12 
و توضع کانات داخلیه 

بحيث ل تزيد المسافه بين كل فرع كانه و الفرع الذى يليه عن ٣..‏ مم 
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ECCS Design Aids Page 4—20 


Chart (4-1) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 


0.67 feu /7c 


ECCS 203-2001 Interaction Diagrams 


حح ج ج ج ج ججج جج صضصڪصڪ ججج ڪيڪ 
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ECCS Design Aids Page 4—21 


Chart (4-2) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


fy=400 N/mIn 


TAD EE 
ESSE SE CLIN LATISTTTT: TOT oer 
®: SEE LEAL REAL RSE ALET L7 
HTT DET ESER I. OEINS CLR ETON LONLE EET LIT 
GEL NAL 


0.05 0.10 0.15 ˆ 0.20 0.25 0.30 0.35 0.40 0.45 


ECCS 203-2001 Interaction Diagrams 


ج ج ج جح ص ج ص جڪ >> ج ڪڪ ي 
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ECCS Design Aids Page 4—22 


Chart (4-3) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


RE SE E AF AM A AE Ta Ta 
0.20 E E AFAR ALI RA FE ETA 
WIFAFATN SN ea aA 


4 
As=pLb t 
AS= «a As 


كك کے 
غ ٤‏ 


1 R—Sec., 


3/24 


ECCS 203-2001 Interaction Diagrams 


حص ج ج ج ج صضصضڪ ججج ڪڪ ڪي 
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ECCS Design Aids Page 4—283 


Chart (4-4) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


EE EF EFL O N "A UE SEP. OF AR Ea: ENO EF E EREN 
LEE Ska N SE SEL ELST 
IAL E KLA ENI EATERS SERAD 


EAEIRLEEE CAD EN. 
EET UA GEPA TATA maT سسا‎ | | 

HIE EE BIE PSE PLA E e r a E e a a A EY A E E i EY A WERT. HM 
E anan EE EEA E ER A E A E Û LA E EL 


0.00 0.05 0.10 0.15 0.20 0.25 


{Pu 0.67 feu /7e 
Mu zd 1 Af le [| 
a 
( E 7 2 
| As 7s 


ECCS 203-2001 Interaction Diagrams 
4 


حح ج ججح ص ج ج ج ص جج ڪڪ 
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ECCS Design Aids Page 4—24 


Chart (4-5) : INTERACTION DIAGRAMS 
FOR DESIGN OF SECTIONS SUBJECTED TO ECCENTRIC COMP. FORCES 


DER WER HEBS EEA E EE ETA BB. 
LUSK ELLES SUNE KL DEES 
RN EXTEN WLS ENES EHRE Sat sat 
HESE DCE SLES STS I (OS i 1Le 
۵ N XIE : ا ل‎ 


.10 EEA AAT is 7| 


0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 


| ECCS 203-2001 Interaction Diagrams 
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ECCS Design Aids Page 4—25 


Chart (4-6) : INTERACTION DIAGRAMS 
FOR DESICN OF SECTIONS SUBJECTED TC ECCENTRIC COMP. FORCES 


0-10 

EHRE HE 2 

HERIR BEPA EI TO r7 2 ا‎ E! 
0.04 FTEs A REE. FR EF E a ê, EE EE I MN 
A1 FEE ra o a e A e E RS i n a i a 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 
Mo 


a. Bb: E 


e 
t 
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Summary of design sections subjected to M, P 


(@ Get Dimensions of the section. (]x×ئ)‎ oدوجوم اذا كانت الابعاد غير‎ 
- Take b= ( 300 mm or 350 mm or 400 mm) 


Cw 


Get tg From P= 0.35 (bt2) Fo,+ 0.67 5 


- Take t{ = (1.1-1.3), where t, = The bigger value of t,t; 
@ Check IF «P)» e or not. 


Calculate K = Fun IF K< 0.04 | Pp 


عل ر Fa, bt‏ 
ر 


IF K > 0.04 don’t neglect P 
Design the Sec. on both M, P 
- Take the same b,t From step D 


@ Get Reinforcement As, As 
Pu. t 


IF <5 IF £ <0.5 
Big Eccentricity 3% COC, small Eccentricity “% I.D. 
- €= e+ E -C نحدد ال .7.2 المناسب من كتاب الجداول على حسب كل من‎ 
-M.=P, a e Fy > سے ي‎ 1 =4 =1 
My, cet 3 © نحدد قیمه‎ 
— From d =c, ه‎ C,& J PF s10 


E. ES _Ms Pau. 
JIRKd (E/5s) 


As =U «bt 
2 Î AF = @+» As 


Check Asmin= (0.225 pd | PeokAsrota= As+ As 
y 


with Asa = 96 »b et 
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Design of Sections Subjected to 
Bending Moment & Axial Tension Force (M,T ) 


Steps of Design : 


1l -Get Dimensions of the section. (bxt) 


2- Get Reinforcement A6,, Ags 
Solution: 


1- Get Dimensions of the section. (bxt) 


Take D = (250mm or 300mm or 350mm or 400 mm) 


M 
Get dd. =c, take C, =3.5, J =0.78 


CU 


Then take d= (0.9—¬+1.0) d, 


t= d+50mm IF t < 1000 mm 
t=d+100mm IF t> 1000 mm 
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2- Get Reinforcement A6,, Ass E 
سپ ڪڪ‎ 0 


Then get C= Mu. Then get 


U.L. 


IF; < 0.05 > neglect Mr, 


and Design the Sec. on Tension Force only as Tie. 


€ 
ج‎ 0.5 — < 0.5 
ا ا‎ 
Big Eccentricity Small Eccentricity 


eZ 0.5 e< 0.5 tL 


As1 


القطاع أقرب لقطاع لل ع1 القطاع أقرب لقطاع الكمره منه 
منه الى قطاع الكمره . لقطاع ال ع7 . 
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£ > 0.5 Big Eccentricity. 
. محصله القرى العموديه تتکون خارج القطاع‎ ۰۰ 
. 1٥ القطاع أقرب لقطاع الكمره منه لقطاع ال‎ 
. e۸0۸ و جهھ علیھا‎ )٥۳۸N م٣٤0۸ آی أن جهه من الخرسانه علیها‎ 


Tur 


Ag= 
JF,d " (R/S. )و‎ 


Check Asmin= (0.225 ر(‎ bd 
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Example. 


2 
Fe, = 25 N\mm St. 360/520 
Mo= 300 kN.m , Ty, = 300 kN , D=300mm 


Req. Design the Sec. 


Solution. 


Take d., = C Mur C, = 3.5 9و‎ J=0.78 
NE 


CU 


| | 300106 
de = 3.5 2 900 700 mm 


d= (0.9¬+1.0( dر‎ = )0.9+1.0( )700( = )630 ¬> 700(MM 


rale [T= GEO rr] < 


= 00 1.0 m 


= 1.428 < 0.5 8 €, 


Cg = € E + C =1.0 - 0-70 40.05 = 0.70 m 


Mg= T « €g= 300 *0.70 = 210 kN.m 
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Ms 4 Tu. 
JFyd (E\ös) 


103* 300 10°« 210 
ن و ا گے 
 )360\1.15(‏ 650 * 360 * 0.798 


— 2082.9 mnê 


- Check Asin. A, =2082.9 mm 


req 


2 


VFeu 25 > 
Mnin b d= (0.225 ع‎ ( bd = (0.225 « 25 ) 300 »*650 =609.3 mm 
As > Hin, b d 


“ Take 4= 48 = 2082.9 6 4 22 


. 7y = b-25 ے‎ 300-25 _ 5.85 = 5.0 
0+25 22+5 


Stirrup Hangers = (0.1 0.2 ) As ج‎ (0.1 0.2 ( 2082.9 
0.30 41 
ا‎ 
٤ 212 
0.70 2 $10 
6 $22 
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e 
@ Ff < 0.5 Small Eccentricity. 


. محصله القوى العموديه تكون داخل القطاع . 
القطاع أقرب لقطاع ال 70٠‏ منة لقطاع الكمره. 
أى أن الخرسانه عليها 0۸٠و۸٠7‏ من الجهتين . 
و تكون الخرسانه مشرخه من الجهتين و يقاوم الحدید کل ال 7٠۸800٩۸‏ . 


ا 
E‏ 
و = 


0 هى بعد المحصله عن الحديد الاقرب لها 


0© هى بعد المحصله عن الحديد الابعد عنما 


نحسب مركبتين الشد 71 و 72 عند الحديد القريب و البعيد عن المحصله 
و منهم نحسب مساحه الحديد المطلوبه لحمل هذه القوى و4 و وول 
بأخذ العزم عند و7 


7, (u+b)= 7 (b) y 1T, 9 
8 sz 


A, _171 A4 
S1 (F754) S S1 


دائما ال ,7 الکبیره جهه ال ۸t‏ 0۳€" 


حح ص جج ص ج ص جج ص ڪج ج ي 
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Example. 


Fı, = 25 N\mrt Sl. 360/520 


My,= 100 kN.m , T,, =600 kN , b=300 mm ,  =500 mm 


Req. Design the Sec. 


Solution. 
e= J - 10° _ 0.166? m 
T 600 


a= l-c-_e 5® _ 0.06- 0.1667 = 0.038 m 
2 2 
b0 = - C4 e 5® _ 0.05 40.1667 = 0.3667 ا‎ 
4 
۰ 7, )ں+b(=‎ 7 باخذ العزم عند 72] (ظ)‎ 0 
T, (0.40) = 600 (0.366) >|, = 550 kN 
“ T=71,+19 * 600 = 550+1; >| 9= 50 kN 
3 
Ags, . J_ _ 550*10 _ 5y mrê 
(Fy/ bs) (360\1.15) iD 
T1 50 »*10 2 
__0 +10 _ 169.7 mmr 
` (FS) (860\1.15) 
0.30 
2 p12 
0.50 
5 B22 
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Summary of design sections subjected to M,T 
(@ Get Dimensions of the section. (bx) olطaeم اذا كانت الابعاد غير‎ 
- Take b= ( 250mm or 300 mm or 350 mm or 400 mm) 


Get where d= 8.5 ۱ 
Fe, b 


@ Get Reinforcement As1, As2 


IF 2 >0.5 IF 2 <0.5 
small Eccentricity 


Big Eccentricity A“, Ee 
- €4= € - 4 +C 
2 


= Mg= Tur. * Cs 


— From d=c, ر‎ Get C,& J 


-_ A 
JFyd E 


Feu 
Check Asmin= (0.225 ۰ ر‎ bd T, (a+b)=T (b) T, 


T= 7, + و و7‎ Ts 


ELS EL 


(F v/ 5s( 


(Fı v/ 5s( 
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Design of Sec. Subjected to ( Bi-Axial Moment ) . 
Double moments & Compression Force.( My, My,P) . 
Introduction. 

8-Aviu1 Moment‏ هو قطاع معرض لقوی ضغط و عزم فی الاتجاهین 


Mx 


سسس س ا ب س س م س س س د س ج س س س س م ر س س س سس ب ر 
erve Design & RFT.of Frames‏ ار ا ا let ٠ ۰ e‏ اپا ا O‏ 


all ersona eh 
اشا‎ oft ey ا‎ allouwod ل ب ا‎ 6 com ) Page No. 35 


لتصميم قطاع Bi—Axial Moment‏ 
توجد عده طرق : 


منھا التصيم ڊ First Principles‏ 
و هی صعبه جدا و لن یتم دراستها فى هذا الملف . 


Interaction Diagram (I. D2.) J و سندرس فقط التصميم‎ 


ال P Bi-Axial Moment JI تاعاطقتlل ([/.D.(‏ 
المفروض أن يكون ثلاث الابعاد (.1[.2) 3-2 


بحیث ان کل نقطه تتكون من 1y‏ ,×1 ,۶ 
اذا کانت موجوده داخل ال (.0.[) 3-2 
کون القطاع e‏ ره ؟ 

و اذا كانت النقطه التى تتكون 

من +1 , ×1 ,۶ خارج ال (.1[.0) 3-2 
یکون القطاع 7s e‏ 


e 


عندما یؤثر على القطاع , ا ,۶ فقط 
أی ۷M ×= Z۳٥‏ سنحتاج ل )7.D.(‏ 


عندما يؤثر على القطاع ر ,/ فقط 
أی 7e٥‏ = ۷ سنحتاج ل (.1.02) 


Uniaa ial ( 1.0.) يمى‎ Uniaaxial ( [.D.) Jay 
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چ 
E «‏ 
8 
چ 
ل 
. 
اک 
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Plan 


مع أخذ مقطع أفقى يکون 


ن شکله 


Load Level sic ای‎ 


معینه 


معینه 


Load Levels 


یتم قطع ال (.1.2) 3-2 بمستو 


يات 


تطيع استخدام ال (.2.[( لتصميم قطاعات Bi-Axial Moment J|‏ 
أفقیه أی مع کل تغیر لقیمه ٥‏ و تسمی 


Load Levels 


لکی ذ 


ستتغیر زاویه ال ID.‏ مح تغبر 


قیمه 


My, M+; كلا من‎ 


Inter Action Diagram Jl Bi-Axial Moment عlطت‎ pıصتٿل‎ 
. جد حالتان‎ 

1-Symmetrical RFT. 
. و فيها يتم تقسيم التسليح الكلى على الاربعه جهات بالتساوى‎ 

و يفضل ان نستخدم هذه الحاله عندما يكون : AMx‏ 

و عندما يكون العرض الکبیر يقاوم ال ٣.٥۳۸٤۸٤‏ الكبير 

و العرض الصغير يقاوم ال ٣.0۳۸۴۸٤‏ الصغير My‏ 

حو 


او عندما 
Load Level Ro= E: 2 0.5‏ 


2- Unsymmetrical RFT. 


و فیها یتم حساب کمیه تسلیح کل ٣۳۸0۳۸٤۸‏ 
على حده و تقسيم هذا التسليح الى نصفين 


و يفضل ان نستخدم هذه الحاله عندما يكون : 


عندما 
Load Level Ro= IT: < 0.5‏ 


و عندما يكون العرض الکبیر لا يقاوم ال ۸0٥۳۸٤٣۸٤‏ الكبیر 


أو عندما يكون الفرق كبير بين طول و عرض القطاع 
فلا يكون من المناسب ان نضع التسليح متساوى فى الاربع جهات . 
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I|-Symmetrical RFT. 
Symmetrical RFT. و 5ون‎ 8az و يوجد طريقتان لتصميم القطاع ال‎ 
/— Use Biaxial I.D. 
2—- Use Uniaxial I.D. 


Design using (Biaxial Bending Interaction Diagram ) 
(Symmetrical arrangement of reinforcement ) 


Mr 
Faı,t b“ 


Foubt 
Fy: Ros سیستخدم نحدد قیمه کل من‎ ht لتحدید ى‎ 
RFE __ 
Fou, bt 
a لانها القيمه الوحيده الموجوده فى الجداول 0.9 ا‎ 


بعد تحدید ال veہں٥‏ بمعرفه کل من ئ , ن , ,۴ 


M E2 
سک چ | ل‎ 
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Mr 
Fou,bt” 
کما هو موصح‎ p ثم ذزحدل قيمة‎ 


ر 


ثم نعوض فى المعادلات الأتيه لتحدید قیمه ,۸5 


MD = P+FE,+*10 


0.8 
A smin= 100 »b»t 


و يجب أن يكون عدد الاسياخ يقبل القسمه على ع 
نضع اربع أسياخ فى الاركان 
ثم یقسم باقی الحدید بالتساوی على الاريع جهات 
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ECCS Design Aids Page 56—9 


CHART (5-1):INTERACTION DIAGRAMS FOR 
Muy 


BIAXIALLY LOADED SECTIONS 


| 


Lm 
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ECCS Design Aids Page 56—10 


CHART (5-2):INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


f,=400 N/mm? 


| SaSaaaaaaı =4 


=0.9 
ıı = p fey 10 


Po 
R= fF bt 
0 
Agsoal = | Db t 


ECCS 203-2001 Design Aids Biaxial Bending 
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ECCS Design Aids Page 6—11 


CHART (5-3):INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


N/mm?‏ 400= أ 


# ]م ]] ]|1 


0.9= ج 
By 10‏ 


Rn € NII 
Ha SRSKRNSKSR NEES 
u NN NNN 
RHIRNNNAENNSEBNNEES 
e» LNA. 


Pi 
Re TE SE 
0ض‎ 
0.67 feu Agıoul 2 | Db t 
gC 
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ECCS Design Aids Page 56—12 


CHART (5-4): INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


fy=400 N/mm? 


|||] ] |) |] | |] | |6 


¿ =0.9 
lı = Pp feu 10“ 


ECCS 203-2001 Design Aids Biaxial Bending 
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ECCS Design Aids Page 56—13 


CHART (5-5):INTERACTION DIAGRAMS FOR 


e BIAXIALLY LOADED SECTIONS 
cu bP 


74 


/ 
AAD OSOO0 


SASS RAT AVATAT, 
⁄ 


IVY 


ب ا 
5 
XX‏ 
x‏ 
کک 
Q‏ 


KAANNNNNNNL 
SINICA LCCLLLN 
aA AAA NANAN 


ح حصحص ‏ ص ج ص ڪڪ يڪ 
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ECCS Design Aids Page 6—14 


CHART (5-6):INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


f 


IY NIN XANL 


SSS 
HSS RS NNR ENA 
Na NIAAA NAVARA 
NSDRRRH MARR 


_ECCS 203-2001 Design Aids Biaxial Bending 
5-14 
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ECCS Design Aids Page 6—15 


CHART (5-7):INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


LLL | || freon 
.26 سيچ‎ N/mm? 
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ECCS Design Aids Page 6—16 


CHART (5-8):INTERACTION DIAGRAMS FOR 
BIAXIALLY LOADED SECTIONS 


My 
kK 


WN‏ ا 
LLL 1 1Le?‏ 
0 | | { |||{ 
ااا اا ااا 
4 

|| اللا“ 
EE‏ 
OTT‏ ن 

EEN | 


x # 
NIN ALLL L- 


¥ 
AA N KNNN TTL LL 
SEE lLANADLATIIlIL] 
ENN TIR RA CIRAN 


0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28 0.3 


A 
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Example. 


M =ر‎ 400 kN.m 


Data: 
F -_ 25 N\mmî 
CW 
Fy= 360 N\mnrî 


P,,=2200 kN 7 
My, (u.ı) =400 kN.m 
My, (uz) =200 kN.m 
Design the Section. 
assume Û — 0.90 --------- £٥٤٣8 لا توجد قیمه غیرها فی ال‎ 
E _2200 +10 _ 0.866 > Not in ECCS 


لانه لا توجد قیمه ل 0.366= م۴ فی کتاب E٥0٥8‏ فیتم حساب قیمتین د © 
مره عند 0.30 =۴ و مره عند 0.40 =و۸۴ ثم أخذ قیمه لا 0 بینھم 


For Ro= 0.80 ج‎ [ECCS Page (5-13) 


6 
Myx _ ا‎ - 0.111 
Fu.b t7 25400600 ET 
6 سے‎ 0 
My _ 0 _ 0.083 
Fo. tb” 25+600*400 
ناخذ © قیمه بینهم‎ 
For Rop= 0.40 —_ |ECCS Page (5-14) = P 
6 
Mx _ E ~ 0.111 
Fu.b t7 25400600 0 
6 ا‎ 
My _ E — 0.083 
Fo. tb 25600400 
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To get value of Pp For Ro= 0.366 


Rop= 0.30 > P°P-12.8 
= 13.9 نأخذ قیمه بینهم‎ 
Ro= 0.40 > P=16 ۳ م‎ 


MUM PF, *10' = 13.9 * 25 *10 “= 0.05 


Asrorqgı= Û x D x= 0.03475 * 400 * 600 = 8340 mm 


¬ Check As, = Gy *b*t = 8 *400 «600 = 0 mm 
As - A Srotat = 8340mm (20 %25 
1%25 
MM ا‎ 
ا‎ 


ا ّ2 
- ےھ 
“N‏ 
“N‏ 
“< 
0 
حم 4 .0ا 
حح حح حص ص حح ج صضڪض ج ص ص ڪڪ ججج ي 
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Symmetrical RF'T. 


Ofer 


a 


2-Design using (Uniaxial Bending Interaction Diagram) 
(Symmetrical arrangement of reinforcement ) 


طريقه أخرى تعتمد على تحويل تأثير العزمين الى عزم واحد فقط مكافئ لهم. 
نحدد قیمه O]‏ التی تقاوم 1ا و تسمی مثلا 0 
CL = ×-0 mm‏ 


نحدد قیمه ]© التی تقاوم ,1 و تسمی مثلا 0 


نحدد العزم الذى سيكون تأثيره اقل على القطاع و نهمله و نأخذ العزم الذى 

تأثيره اكبر على القطاع و نعمل على تكبيره لكن يكون مكافئ للعزمين معا . 

و لمعرفه ای عزم سیتم اهماله و ایهم سیتم تکبیره نحسب نسبه کل 

زم على ال ]© التى ستقاومه . 

Mx , Mr 8 
d b 


We have two cases: 


Calculate 


9 


Neglect And Calculate 
® IF Mz > lz eget My, 2 er My 


Neglect And Calculate 
@ r r < ت ا ا ا‎ e 
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Neglect And Calculate 
@ IF > r ey My Mx 


--- 0.6€ B < 0.8 


IF § < 0.6 > Take B =0.6 


IF B> 0.8 > Take B =0.8 
Where Rp is the Load Level Ry 


Foy, bt 
Or we can use table in Code Page (6-59) 


_Fo | <0.2 [0.8 [0.4 [0.5 |>o.6 
__P | 0.80 |0.75|o.70 [o.65 | o.60 


design the section orn P,M, 


Using Uniaxial I.D. even IF 
Then get A= چ4‎ 


As total As + A4 


< 5 M 


As 
ن‎ 
49 4s 
Check A th [A 0.8 ك ر‎ 
8 total Wt Smin= 100 *t 
نضع اربع سياخ فى الاركاز‎ A8 
ع ی ا کی ردن‎ >4 
ثم یقسم باقی الحدید بالتساوی على الاربع جهات‎ 
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Neglect And Calculate 
@ IF Mr > lk eet U, E tee My 


Where: 


B is the same as before. 


design the section on P, My, 
€ 
Using Uniaxial I.D. even IF 2 0.5 


Then get As = Aې‎ 
Ag total= Aş + Ag 


ر 


. * ۾«‎ © A 
دصع ربع أسياخ فی الاركان‎ SE / 
E E 
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Examp le. My, =500 kN.m 


Data: 


2 


F,= 30 N\mrt 


F, = 360 N\mnî 


P-2600m| My= 150 
+ kN.m 


F,.,.=2600 kN 
M, (U.L.) = 500 kN.m 
My, (u) =150 kN.m -وو.و ا‎ 


Reg: Design the Section with symmetric RFT. 


CU =lx-50 mm = 800- 50 =750 mm = 0.75 m 
D -ty-50 mm = 350 - 50=300 mm = 0.30 m 


Mx _ 500 _6.e , Mr _ 15% _ 500 


a 0.75 b 0.30 
> Hr »۾‎ Neglect My and design the Sec. on My: 
P 2600 *10 
TS 
B = ون ۔ ۵ و.0‎ - 31 0.745 < 6 
2 ج‎ < 0.8 


dL 
Mg = My 4 B (5) My 
My = 500 + 0.745 (9.25) 150 = 779.37 kN.m 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 54 


Using Uniaxial I.D. M x= 779.37 N.m 


e 4 _ 79.3 0.29 9m 
P 2600 Ê 2600 EN 
0.80 + 
4 ے‎ 800-100 _ 0.87 = 0 
800 
use ECCS Design Aids Page 4-24 ا ا‎ 
0.35 
Pu ___ _2600*10°  _031 
Fo, Dt  30+*350*800 
م‎ P=3.6 
Mv 779.37 10 0.116 


Fu.bt  30+350+800 


M= P+E.,+10 = 3.6*30*10 = 0.0108 


As = A= MMs Dx = 0.0108 «350» 800 = 3024 mrê 


2 
Aspro = A4s+ AF =2 « 3024 = 6048 mm 


min 


Take As ا‎ 6048 mnî 1622 


As __ = 0.80, b «¢ = 0-80 „ 850» 800 = 2240 mrî < A8 ya, 
100 100 


|0.35 
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2- Unsymmetrical RFT. 
٣۳٣۸07۳۸۸٤ و فیها یتم حساب کمیه تسلیح کل‎ 
على حده و تقسيم هذا التسليح الى نصفين‎ 
: و ممکن ان نستخدم هذه الحاله عندما يكون‎ 


و عندما يكون العرض الکبیر لا يقاوم ال ٣٥7۸٣٤۴۸‏ الكبير 
أو عندما يكون الفرق كبير بين طول و عرض القطاع 
فلا يكون من المناسب ان نضع التسلیح متساوى فى الاربع جهات . 


تعتمد هذه الطریقه على ضرب قیمه کلا My, My je‏ فی معامل ن )© 


Me =a» Ms] » Me =0, 


To calculate OL b 


— Calculate Ro = e 0.5 عن‎ R5 یجب ان لاتزید قیمه‎ 
CU 


- Calculate the Ratio ® 
My\b 


— Calculate OLb From Table at Code page 6—61 


Mx\a 
FEBS 


_ Ro < 0.1 | 1.0 | 1.20 | 1.25 | 1.80 | 1.25 | 1.20 | 1.0 


_ Ro = 0.2 | 1.0 | 1.35 | 1.50 | 1.75 | 1.60 | 1.36 | 1.0 
_ Ro = 0.3 | 1.0 | 1.25 | 1.35 | 1.40 | 1.85 | 1.26 | 1.0 
_ Ro = 0.4 | 1.0 | 0.95 | 0.95 | 0.95 | 0.95 | 0.96 | 1.0 
_ Ro > 0.5 | 1.0 |0.65 |0.70 [0.75 |0.70 | 0.65 | 1.0 | 
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Uniaxial [.D. مIدختساب ثم يتم تصميم القطاع مرتين‎ 
0 Design on P, My; A Mr 


Using Uniaxial I.D. 


Get و‎ Ae, 


ثم يتم وضع التسليح Asx+ Asy‏ 


فى الاتجاه الرأسى لمقاومه +۸ 


@ Design on P, Mp 
Using Uniaxial I.D. Y 
حو‎ 
Get As,= Aş 
E E Asy Asr 


ثم يتم وضع التسليح e Agr‏ 
فى الاتجاه الافقى لمقاومه + ۸N‏ 
Check As min‏ 


یتم حساب T= Asx+Agx+ Asr+Agy‏ ا 


e 0.80 4 b+ t و حساب‎ 
100 


IF AsT > A8 min ا ا ا‎ RAgy 


IF ArT< Ace SS Ac 
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يتم تقسيم قيمه و 4 الكليه التى ستوضع فى القطاع على الاريع اتجاهات لكن بنسبه 


مساحه الحديد الذى سيوضع فی اتجاہ ×۷1 کا Asx,‏ 
مسا اسن الاي فح قي اا 2ا Asr‏ 


مع اخذ السيخ الذى سيوضع فى الركن نصف مساحته مع وا و النصف الاخر مع چ 


_ Asr x Total No. of bars 
Asx Asr 
و يتم تقسيم الحديد الى نصفين نصف اسفل القطاع و نصف اعلى‎ 
Asr * Total No. of bars 
Asx Asr 
. و يتم تقسيم الحديد الى نصفين نصف جهه اليمين و نصف جهه اليسار‎ 


No. of Bars to resist Mx = 


No. of Bars to resist My= 
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Exzamp le. M,= 300 kN.m 


Data: 

F,= 30 N\mrê 

y= 360 N\mmî Ê 2000 kN M,= 450 
0.80 4+ kN.m 

P,,=2000 kN 

My, (u.z) =300 kN.m 


My, u.) =450 kN.m 0ے ما‎ 


Red: Design the Section with unsymmetric RFT. 


3 
P| 2000 +10 


G08 < 00 0‏ کے ہے ے 
Db“ F bt 30+ 400+ 800‏ 


CU =x-50 mm = 800- 50 =750 mm = 0.75 m 


D =ty-50 mm = 400 - 50=350 mm = 0.35 m 


My 300 M 450 
4 و 40 ے _ سے‎ 2Y سے ل س‎ 00 
CL 0.75 b 0.30 
„„ Mx\a — _400 _ 0.267 
My\b 1500 
Calculate OLb From Table at Code page 6—61 
Mryr\a 


Rp TT OO 3.0 2.011.0 0.5 0.33 Zero From Interpolation 


Ro < OT 1.0 (12011.26 | 1.30 | T26 | EON 10 OLp= 1.24 


Ro =0.2 1.0 1.35 1.50 1.75 1.50 

Ro = 0.3 1.0 1.25 1.35 | 1.40 1.55 6 10 
Rp = 0.4 | 1.0 0.95 (0.95 0.95 | 0.95 | 0.95 | 1.0 
Ro > 0.5 1.0 0.65 | 0.70 10.75 | 0.70 | 0.65 | 1.0 
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My = do+* My = 1.24 *300 = 372 kN.m 
Mr = Ao+* My = 1.24 *450 = 558 EN.m 


ثم يتم تصميم القطاع مرتين باستخدlم Uniaxial ].D.‏ 


My= 372 mm 
0 Design on P, My 
a ے‎ 800-100 _ 0.87 = 0 
800 5 
use ECCS Design Aids Page 4—24 
Pu 2000 «10 | 
Fy bt 30»400»800 0*08 
6 P<1.0 چ‎ P= 1.0 
Mr _ _ 372+10 _ 0.048 


Fubt  30+400*800 


MH P+F,*10 = 1.0*30*10 = 0.0083 


Asx= A§x= [x D x = 0.003 » 400+800 = 960 mrê 


@ Design on P, My 


kN.m 
ئ‎ = 00< 10€ - 0.75 = 0 0.80 + |< 
400 


use ECCS Design Aids Page 4-25 


0.40 ا 
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Py _ _2000«10 _ 
Fy, lt 30+800«400 0.208 
P =4.0 


6 
E a E 
Fubt?  30+*800+400 


MM PFg,*10 = 4.0*30*10 = 0.012 


Asr=Agr= x» D «Û = 0.012 » 800» 400 = 3840 mrê 
Check As min 


AsT=Asx+Asx+ As ,+Aey = 24960 + 243840 = 0 mrî 


Asmin = f° » b»t = 080 „ 400 «800 = 2560 mrê 
100 100 


204625 ڪ AsT > Asmin ° Take As7 = 9600 mrî‏ 
ناخذ ٤‏ أسياخ فى الاركان و ال ٠١‏ سيخ المتبقيه سيتم توزيعهم على اتجاهى ×۷1 و +1 


على التوالى بنفس نسبة Asr: Asx‏ أى بنسبة 2604 : 1596 


No. of Bars to resist Mx = 960 »16=3.2 =4.0 bars 
ّ 960 +3840 

No. of Bars to resist My = 4416 x16 =12.8 = 12.0 bars 
2604 +3840 


\ 
b 


کک 
425 7 =6+0.5+0.5 < 


N 


0.35 
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Special Case. 

اذا كانت الکمره يؤثر عليما 1y‏ چ1 و ¥ يؤثر عليما ° Ro = Zero J‏ 
فمن المسموح أن نأخذ قيمه 1.0 = ن )© 
أی نصمم على قیم ۽۷ ہ 4ا کما هم . 


و يتم ت تصميم قطاع الكمره مرتين : 
يتم تصميم قطاع الكمره على ۽1 نای یدد ق اا 
Check Asx, > Asmin = |, ,,b d E’, Take Asx = Asmin‏ 


45 يتم تصميم قطاع الكمره على ۽11 فقط و تحدید قیمه ۽‎ n 
Check Asr > Asmin = U, ,,b d4 E, rake Asr = Asmin 


e ۰‏ 
هذا السيخ ا مساحته مع + ۸4 


کے SC a‏ 
/۱1 
١ Asx‏ و ا مساحته الاخر مع As,‏ 
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Concrete Dimensions of Frames. 


Stuffmess. 


کلما زادت ال Snes‏ لا member‏ سواء کان کمره أو عمود 
کلما کان ال ٥۸٤۴١‏ اقوی و بالتالی يقل ال deٍflecti0”‏ 

و بالتالی يحمل هذا ال ٤7١‏ ط۸٣‏ جزء أكبر من الحمل ٠‏ 

و نعبر عن ال ووعہ گ٤5‏ برمز  E I‏ 

و ا تعبر عن نسبهھ ال S٤٣88‏ “کک س 
و لیست عن القیمه الفعلیه لا S٣88‏ ۶ 


حيث / هى معاير المرونه و يعتمد على الماده المكون منما ال ne nb‌e7۴‏ 
و کلما کانت المادہ أقوی کلما زادت قیمه ال ٣‏ کلما زادت ال 8ہ Sf‏ 


Example. 
اذا وضع حمل على اللوحان سیحدث للخشب ۸٥٤٥٥f1عل أكبر‎ 
٠ و بالتالى سيحمل الحديد الجزء الاكبر من الحمل‎ 


." EsteetZ E¥ood 
٠ Ksteet Z KFwood 


Design & RFT.of Frames 
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حیث ‏ هى moment of Inertia‏ لقطاع ال beہeعہ‏ و یعتمد علی 


أبعاد القطاع و خاصه ال ) 


و كلما زادت أبعاد القطاع زادت ال ]7 کلما زادت ال Stiff ress‏ 
اذا وجد لوحان من نفس الماده و لحما نفس الطول و لكن أبعاد قطاعيمما مختلفان .€] ٤3:77۸0‏ 
اذا وضع حمل على اللوحان سيحدث للوح الذى له أبعاد أقل 0۸٤٠ءا‏ رمل أكبر 
و بالتالى سيحمل اللوح الذى له أبعاد أكبر الجزء الأكبر من الحمل . 
K- 1‏ 


L 


A 


خیت را هى طول member J|‏ 
و كلما زاد طوJ lal [ member J|‏ قلت Stiffness J|‏ 


اذا وجد لوحان من نفس الماده و لهما نفس القطاع و لکن طولهنا مختلف . .€] 8207700 
اذا وضع حمل على اللوحان سيحدث للوح الاطول ١0٠٠٠ارمك‏ أكبر 


و بالتالى سيحمل اللوح الاقصر الجزء الأكبر من الحمل . 
K- EI‏ 


L 
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Connection between Beam & Column. 


يتكون ال .8.۸4 من الاحمال الموجوده على الكمره 
أى أنه داشا الكمره عليها .8.1 


ولكن وجود .⁄8.۸ على العمود يعتمد على ال ۸٠0ل‏ ۳ Rigid‏ 
بين الكمره و العمود اذا كانت Hinged or Rig`d‏ 


0 ذلك بعتمد على ال Stiffness‏ بین کلا من الكمره و العمود 


اذا کانت قیمھ ا کبیرہ نسبیا تعتبر ال ٤۸٠٥ل‏ ہین الکمرہ و العمود ed‏ و۲۸[ س 


اذا کانت قیمه ا صغیرہ نسبیا تعتبر ال ٤۸٠٥ل‏ بین الکمره و العمود ٤d‏ و۸ 1 e‏ 1 


للتسهيل سنعتبر أنه عندما تكون ٤٥>‏ تكون e Hinged Joint‏ 
و عندما تکون ن 0.8 < (٥‏ تکون a Figid Joint‏ 1 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed.  (www.yasserelleathy.com ) Page No. 65 


Real Hinge. 


Neoprene Plate. 


ال ateاP Neoprene‏ هى ألواح من الصلب بينها شرائح من المطاط المضغوط . 
توضع بين العمود و الكمره أو بين العمود و القاعده لعمJ Real Fi nge‏ 
و فافدتها أنها تسمح بالحركه الافقيه و الدوران . 


X 
و ے‎ 


الدوران © الحركة الافقية × 


A Roller support رڙڊتacت لذلك‎ 


توضع صف أسياخ حديد فى المنتصف تماما 
فتمذع الحركه الافقيه و لكن لا تمنع الدوران 
لذلك تعتبر ortم Hinged sup‏ ۸ 
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Coulmms Concrete Dimensions. 


توجد عده أشكال لاعمده ال 7۳07۸68 يجب أولا أن نتعلم رسم الخرسانه للاعمده 


Concrete Dimensions. 


ts 
ا‎ 


Rigid Joint حتی تکون‎ 


Rigid Joint حتی تكون‎ 


1 


أن تکون ن) )ا 
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Hinged Joint حتی تکون‎ 


Rigid Joint حتی تکون‎ 


ممكن من التصميم 
ان تکون o‏ > 
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Reinforcement spluces. 


اذا زاد طول السيخ عن -ر۲٠۴‏ المفروض أن نعمل وصله فى سيخ الحديد . 


Types of splices. تٽتاlلصولا أنواع‎ 
1-1Laم‎ sما0‎ ce. وصلات بالتراکب‎ 

2-Mechanical splices. aيكıilكıم وصلات‎ 
3- Welded splices. مlz وصلاٽ‎ 


و اللاسهل فى التنفيذ اذا کان ال ٤7١‏ ط٣٣٤‏ واقع عليه 
ùÎ moment or compression‏ تكون الوصلات بالتراكب . 


أا اذا کان ال neme‏ واقع عليه tensi0”‏ 
فیجب أن تكون الوصله اما وصله میکانیکیه او وصله لحام 


ملحوظه 

فى المشاريع الكبرى ممكن عمل أسياخ خاصه للمشروع 
طولها أكبر من -,۱۲ م و تآ special order‏ 

و هی لا تحتاج لوصلات . 


حح جح ص ص صصص ج صضڪض ‏ جڪ ص ص جڪ ڪيڪ 
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وصلات بالتراکب ce.‏ 0]امs‏ pمLa[-1‏ 


و هی وصلات تعتمد على تراكب الاسياخ 

تنتقل الاجهادات بين الاسياخ عن طريق نقلها اولا الى الخرسانه عن طريق قوه التماسك 
بين الحديد و الخرسانه و أيضا بقوه التماسك تنتقل الاجهادات الى الأسياخ الاخرى . 

و تکون وصله التراکب بین اسیاخ متلامسه او اسیاخ غير متلامسه ۰ 


لا تزید المسافه عن ۱0 “م 
او .۲١‏ من طول الوصله 


a 
® 1 
و سه س س‎ 


سياخ متلامسه سياخ غير متلامسه 


m0 ment J المعرضە‎ nen €7 فی حاله ال‎ 


۰ کنات قەه A‏ ۶ حدید سفلی 1.0 سے 
d 1 °‏ حدید علوی 1.3 کک 


يجب ان لا يزيد مساحه الاسياخ الموصوله فى قطاع واحد عن ۲۵ / من المساحه الكليه للاسياخ . 
لذا يفضل عمل الوصله للحديد كله على أريع أجزاء . 


المسافه من ٥.1.‏ کل وصله و أخری لا تقل عن ی[ 1.3 


[~1.3La 1.3 La 1.3 La 
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فی حاله ال ne٤7‏ المعرضە ل °07۸07T€88107‏ 


<2- Mechanical splices. الوصلات الميكانيكيه‎ 


يجب أن لا يقل قطر السيخ عن ٠٦‏ مم 


و يستخدم معها جلب من الحديد الصلب مواصفاته لا تقل عن مواصفات الاسياخ الموصوله 


کما یجب أن لا تقل مقاومه قطاع الجلبه عن ۱,۲۵ مره ل ر٩‏ للاسياخ الموصوله . 
و الوصله الميكانيكيه لها طريقتين للتنفيذ : 
-١‏ بقلوظه الاسياخ من الخارج و الجلب من الداخل . 


۲ - بضغط الجلب فى مكابس خاصه على نهايات الاسياخ ذات النتؤات . 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. P N 21 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) age N0: 


و الوصله الميكانيكيه لها طريقتين للتنفيذ : 


٠ بقلوظه الا سياخ من الخارج و الجلب من الداخل‎ -١ 
تنتقل الاجهادات بين الاسياخ بواسطه الارتكاز بين اسنان قلوظ السيخ و اسنان‎ 
. قلوظ الجلبه‎ 


۲ 0 ۰ ۰ 
ا فی مکابس خاصه على نهايات الاسياخ ذات النتؤات 
لتنقل الاجهادات بين الاسياخ بواسطه الاحتكاك بين السطح الداخلى للجلبه 


مع السطح الخارجى لنهايه الاسياخ . 


3- Welded splices. وصلات اللحام‎ 


يجب أن ل يقل قطر السيخ عن ٠٦‏ مم 


. یستخدم لحام کهرباش‎ -١ 

۲- يجب آن يكون محور السيخين الملحومين على استقامه واحده . 

/ Yo Sa و‎ e 
و باقى الوصلات على مسافات طوليه لا تقل عن .۲ مره قطر السيخ الملحوم‎ 


الطول المطلوب للحام الوصله 
eas‏ 
LLL LL O OOOO‏ 


OD 


وصلات اللحام بالتراكب اسياخ اضافيه 


الطول المطلوب للحام الوصله م 


ال[ اا 
وصلات اللحام اتام سر اضافیه 
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Reinforcement of Frames. 


Introduction. 


ینکون ال ۴٣۵۳۸۲‏ من أريع عناصر أساسيه : 
-١‏ الكمرات (أفقيه أو ماظه) 
۲- الاعمده (رأسیه أو ماظه) 
۳- ال وt‏ مهل و هى التى تربط العناصر ببعضما 
Rigid Joint or Hinged Joint )‏ ( 
ع القواعد . 


نرسم التسليح فى الكمرات و يقف عاده 
بطريق4 )رM( Moment of Resistance‏ 


يفضل رسم التسليح فى الاعمده 
ڊبطرıقa Empirical Method‏ 
ن Normal Force‏ على الاعمدo‏ 
کبیره و بالتالی طریقه (۷) 

لن تکون دقيقه . 
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يتم ربط تسليح الكمرات و الاعمده 

بتسلیح ال sا‏ ا٥ل‏ 

مع ملاحظه انه سیكون هناك حدید مشترك 
بين الكمرات و الاعمده 

مما سيتلزم ان توحد قطر الاسياخ ي 

فى هذه القطاعات . 


تسليح القواعد لن ندرسه فى هذا الملف و سيدرس لاحقا فى ملف أخر بأذن الله 
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RFT. of columns (Using Empirical Method) 


(MD Hinged-Rigid Colurnn. 


فی اول متر لمقاومه ال 
Splitting Force.‏ 


Splitting Force. 


2 
IF Tem. Failure 


use Stirrup Hangers 


= 0.4 Ag 


IF Comp. Failure 


Take Ag = As 
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@ Link member. (For Compression Link member ) 


ڪڪ 


N 7 Hinge not Real Hinge 


ا 
LL‏ 


em 
ات‎ 2 
القاعدة 0 ليست أشایر‎ 
| | | أو یتم عمل ]رى‎ 
| | 
1| | 
lI| 
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(@ Rigid-Rigid Column 


(@ Moment at one side only. 


.ے 
2 م 


St. Hangers = 0.4 Ag, 


الاکیر [ 0 


أو یتم عمل ام8 
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® Moment at Two sides. 


/ 3 

VJ | | 
ES 
ص کک‎ 


_-—— 
۰ لے 


St. Hangers = 0.4 Ag, OR Ag 


س س سے سے سے سے سے سے سے سے 


الاتياخ خارجة من : 


| | 

| | 

القاعدة و ليست أشاير “ | | 
| ۱ 


الاشایر تكون جمه ال ۲٠7۳١٣٤507‏ فقط و تكون بنفس قيمه التسليح الرثيسى 
أما جهه ال 7٠۸:0۸٩‏ فيجب أن يخرج التسليح الرثيسى من القاعده 


Lap splice Jمع أو يتم‎ 
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© Moment at Two sides due to Cases of Loading. 


Mh‏ ا 0 کے 
r‏ و 
mn‏ ا 


1111111111111111 
BUMUANNNIIIUUI1111111111 
MMMM 
TT 


Case (1) Case (2) maz—max 


حدید متماثل لانه .۸7۸۰ل 5 


As1= Asz 
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N1 Omwts R 7 / (Connection between members) 


ETT ETT OT FF OT EEE F7 gg TTR EES 
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ەز تنقل عزوم Rigid Joints.‏ @ 


ملحوظه : يفضل عمل المقص عن الفيونكه . 
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ر 


/ 


تکسر ال Cover‏ 
الخرسانى 


يفضل هذا الحل فى التنفيذ 
حيث يتم صب العمود أولا 
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ئەل یحدث عندها تباعد فی العزوم O Closing Joints‏ 


لا يوجد خوف على الخرسانه لأن سمكها كبير 


ص اکر 


\ 7 


یجب أن یکمل حدید الشد دون أن ینقطع فی منطقه ال n0 ne۸‏ .2" 


(O Fatal. 


کے ںی 


Ta 


7 


Fatal 
max. moment J| توقيف الحديد عند منطقه‎ 
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Fatal 
maz. moment J| توقيف الحديد عند منطقه‎ 
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فی حاله إختلاف کمیه الحدید فی قطاعین فی نفس ال ٤٣٤٥ل‏ 
([) تسليح الكمره أكبر من تسليح العمود . 


© تسليح العمود أكبر من تسليح الكمره . 


حص ج ج جح ج ص جڪ > ص يڪ 
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Joints with 3 members. 


اذا كانت أسهم العزوم تدور فى نفس الاتجاه سه ل توجد علاقه بين العزوم 
اذا كانت اسهم العزوم تدور فی عکس الاتجاه ےه توجد علاقه بین العزوم تحدد من شکل ال ۸07۸٤7‏ 


عندما تكون هناك علاقه بین عزمین یجب أن ننظر الى .8.1.0 
لکی نحدد اذا كانت هذه العلاقه تباعد أم تداخل . 


Mı= Mz2+ Ms 

Mı, M2 ڪ‎ Jخادت‎ 

M1, Ms تباعدى ڪڃ‎ 

Me, Ms > پوجد علاقه‎ 

اذا وجد تباعد و تداخل س نکمل حدید التباعد آولا ثم نعمل مقص التداخل . 
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M1= Mz2+ M$ تداخل‎ 


M1, M2 ڃ‎ Jخادت‎ 
Mب,‎ Mg > تېاعد‎ 


1 / بو جد علاقه چ Me, Mg‏ 
1 


١‏ إذا وجد تباعد و تداخل معا نكمل حديد التباعد 
. أولاً ثم نعمل مقص التداخل . 


إذا وجد تباعد و تباعد نكمل الحديد الموجود 
على إستقامه واحده أولاً . 
ثم نعمل التباعد الاخر صف ثانى . 
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a 
as < 


000 
۱ ۰ 
AS 


agg TTT ETT O FT EEE NGG TTR EES 
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Frequent Joints. 
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Another Concept of RFT. 


Ma * M, 


تباعد 
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RFT. of Four mrmber Joint. 


بین © و @ يوجد تباعد 
لکن اذا لم یحتاج ای e۸٤١‏ منھم 
حدید من ال ٤١‏ "عم الا خر 


ممکن ان لا نکمل بینهم ای اسیاخ مشترکه 


ج ج ص ج حح ج ضضض جڪ ص ڪڪ جص يڪ 
Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames‏ © 
Downloading or printing of these notes is allowed for personal use only.‏ 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 95‏ 


RFT. of Four mrmber Joint with Hinge. 


فی هذه الحاله یتم تنفیذ ال ٤و٣[‏ بأن لا نكمل الحدید من ٣e۸ b٤١‏ © 
الى داخل ال خم ٠0ل‏ الا قيمه صغيره بمقدار إ الكمره 


سیحدث شرخ هنا 


و بعدھا ستعمل ک € و۸]"n‏ 


بین (@ و @ پوجد تباعد 


بین © و (@ يوجد تداخل 


بین (2 و (@ # يوجد شیئ 


و تعتبر ال ٤٣٤٥ل‏ عند التسلیح کأنما ٤٥ز‏ ٣beصm‏ عص 3 تباعد و تداخل 
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Variable Depth. 


O Fatal. 


المحصله 


تکسر ال Cover‏ ل.. 
الخرسانى 


اذا كان ميل الخرسانه غير معطى فى المسأله 
یفضل أن نأخذه بمیل ۱ :ع ۱ 


ss a 


ع 
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Critical Sections & Details of RFT. 
For different members 


٠ XZ 


8 < 


| ل نv~نها‏ 


2 Mr, 2 


> 


| ا 


س 


> > 


ج ص ج ج ج ج ڪڪ ج ص جڪ جص جي 
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Columns Critical Sections. 


1 
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الكانات sمStirrup‏ 


ترسم الكانات داضا عمودیه على ال C.L.‏ 

۵ Hinged Joints. (Joint between the beam & Link member) 
تنقل عزوم‎ 2 Joint 8 

\ 


تكمل من الأول للأخر 


® Rigid J08. تنقل عزو‎ joint 
تقاطع أو تداخل  ا‎ 


يجب أن تكمل الكانات فى الأتجاهين 


ی يحدث تداخل فى الكانات . 


9 
c6 e 0‏ 
کی کانات ماظه تداخل فى الكانات 
ى ؟e‏ لمقاومه ال r‏ 
Splitting Force 7 %‏ / 
ر سے بے رت کے سے سے سے 


7 : 
7 ا 
کانات متقاطعه فى الاتجاهين 

فا ۳ التذفيذ 


۰= سے 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed.  (www.yasserelleathy.com ) Page No. 101 


Joints‏ تنقل عزوم سواء تداخل أو تباعد ه 


تداخل فی ال .8.1 تباعد فى ال .8.1 


ترسم الكانات داشا عموديه على ال ٥.1.‏ 


کانات متقاطعه فى الإتجاهين 


کک 


کانات مروحه کانات مروحه 
ج ص ج ص صضڪ ‏ جڪ ص جڪ يڪ 
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Cross Sections. 
@ Axrially Loaded Member. 


E‏ اا د ا ر ی ی کے ا ا 
(D Link Member. (Compression OR Tension ) ( Db» ( 7‏ 


ا ا 
3 فى بعض الاحيان يكون العمود معطى كما بالشكل @ 
و لكن ا يکون عليه .8.1 
فی هذه الحاله تؤخذ تخانته بنفس تخانه الكمره المحموله عليه 
Asmin= 08 bet As = AQ= Asmin.‏ 


=7e۴0 
212 212 o 
at mm 250 mm 


1 4 


ا 
(b) Horizontal & Inclined members‏ 
St. Hangers‏ 
or A8‏ (مثل الكمرات) توجد کانات داخلیه 


الحديد الذى فى الجمهه المقابله لا "0۳e"‏ 
Stirrup Hangers‏ 


_-_ 2 0م‎ 
IF Ten. Failure. 


at 300mm 
-- 2 0 
Compression Steel (Ag) IF Comp. Failure E SOR 
As 
< 5 و غالبا فى الكمرات تكون‎ CEY الحديد الذى فى‎ 


moment J| ةaج‎ 


ےت مثل الأعمده Vertical members.‏ ©( 
4 


2 412 2 p12 
at 250mm at 250mm 
/ 


آکبر مسافه بین سیخین متتالیین = ۲۵۰ مم 
أكبر مسافه بين فرع كانة و الأخر = ٣٠.‏ مم 


الحديد الذى فى الجهه الأٌخری من ال ”"0۳n e۸٤‏ 


/ 
Take A; = Stirrup Hangers = O0. 4As IF Ten. Failure. 4 4 
S8 / 8S 
الحديد الذى كانات داخليه‎ 
Take A$ = Ag IF Comp. Failure. فی ا‎ 
moment الآخرى من ال‎ 
moment 
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Steps to design a Frame. 


B.M.D. & N.F.D. J| بعد رم‎ 


نحدد ال Critica] Sect n8‏ کما سبق . 
ثم نصمم القطاعات بالترتیب کالاٌتی. 
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0© نیداً بتصميم القطاع الموجود على الكمره المؤثر عليه Îكڊر moment‏ 
و ذلك لتحديد عمق القطاع « )» 
take C, =3.5, J =0.78 The sec. as R—Sec.‏ 


Get dh. =c, Mu. _, dd, > t,= d,+cover 
Feu b 


take l1 = (1.1-1.3) t. 


Check ۳ 


Foy bt 


® IF e < 0.04 —-> neglect N, 


and Design the Sec. on B.M. only as Beams. 


. d= d= L2 u, fake C, =3.5, J =0.78 (R-Sec.) 
TNF,b take C, =6.0, 3 = 0.826 ( 7-80.) 


sL—Sec. 


فی بدایه التصمیم نعمل تصمیم على ۶ ,4 على أن القطاع ۸-se٥.‏ 
و لكن اذا أهملنا ال ۶/ فنعمل تصميم على 4[ فقط فيجب مراعاه 


a+ 1 R—-sec. Or 7-—sec. عlطقلا اذا كان‎ 


® IF Fr > ج—0.04‎ Don’t neglect Pr, 


and the sec. designed as R—sec. 


Get As From C€s IF Ten. Failure — A: = Stirrup Hangers 
Get As From I.D. IF Comp. Failure — Ag ڪ‎ As 
؟e٥.© ل‎ de نصمم باقى قطاعات الكمره على نفس ال ۸م‎ )© 
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() ثم نصمم القطاع الموجود على العمود حیث یؤثر ۶ 1 کبیرہ 
8= ل و 3.5= take C‏ 


cet d., = > dd > =,ا‎ d, + cover 
CY 


take te چے‎ ()1.1+>1.3( t. 
IF Ten. Failure — A4 = Stirrup Hangers = 0.4 a 


Get As From Cs 
Cet As From ID. IF Comp. Failure — A = و4‎ 


Take 


IF (column) < 0.8 Û (Beam) کے‎ > (Column) کڪ‎ (Beam) 
Ci ٣de٣8 فقط و لیس فی ال‎ ٣٣٤8 و هذا فی ال‎ 
Link members J| oدnعÎ أى ليس مع‎ 


اذا کان العمود لیس "eb e١‏ ۸۴[ و لکن یوجد عليه ا٣٣٥۸‏ فقط 
سناخذ تخانته نفس تخانه الکمره و سنعمل على تصميم القطاع على ۸٥٣۵1‏ فقط 
و سوف يكن التسليح أقل من ال nun‏ ۸0 لذا سنأخذہ يساوی mini mun J|‏ 
ا b1 _Take ETE‏ 0.8 
2 


As min.” 100 


Stotal 
اذا أثرت أى قوى أفقيه سوف تعمل عزم على هذا العمود‎ 


X 
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۵ ٿم نصمم قطاع Sec.@) Cantilever J|‏ ( 
و یکون له عمق مختلف عن باقی ال ۴٣e‏ 


M 
dږو= کل‎ CC, =3.6, J =0.78 ۰ =وا‎ d+ Cover 


7 t, - Spacing الآكبر‎ 
t4-Le ا ا‎ 


C 


3 
۳ 
( Sec.@) Link member Jı تم نصمم قطاع‎ © 


و عاده تؤخذ أبعاد هذا القطاع )1 (b«‏ الا 


و یصمم کأنه عمود ر٣‏ 48 0.67 +۴ 4٥‏ 0.35 2 


ملحوظه 


Compression gl gy Tension aqle Link member J| ùl اذا‎ 


تؤخذ أبعاد هذا القطاع ( غ ط) 
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Steps to Draw Frame Concrete Dimensions. 


0© نبد برسم Ll Frame lJ C.L. J|‏ 
بمقياس الرسم المطلوب ۰ ٣‏ 
1 
| | 
mM‏ نرسم عمق ال ٥١s‏ اء" المختلفه بنفس مقياس الرسم 
و ذلك حسب شکل کل ١٤۳۸ع"‏ مثل : 


کمره لها عمق ثابت «)» 
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الأعمده التى أخرها Hinged support‏ 


Fixed support laرخÎ الأعمدہ التى‎ 


1 
2 2 


راس ]ا 
3 


E SY 
[ese elel | 
؟‎ 


2 11 
4 4 
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© نرسم تخانات Frame J|‏ حول ال C.L.‏ 
بخطوط خفيفه حتى نحدد نقط التقاطع . 


i igt—- 


2 چ 


a‏ ے 


ا t4‏ 
1 © ثم نرسم الخرسانه بخطوط أسمك . 


۱ 
Le 
2 


اس 
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Steps to Draw Frame Reinforcement. 


مراحل رسم التسليح لذ Frame‏ مع مراعاه الترتيب 


. "0۳٤۸ رسم مکان التسلیح الرئيسى جمة ال‎ -١ 


تباعد 


X 
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ا الحديد السفلى يرسم من وش العمود الى وش العمود ۰ 


-٤‏ رسم التسليح عند نهاية الاعمده (عمل أشاير أو لف الحديد فى العمود) 
و طرف Cantilever J|‏ . 


mE 


حح ج ج ج ج ج ج جص ج ص جح ج ي 
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۵- رسم البلوكات مع مراعاه عدد الاسياخ و عدد الصفوف . 


/ 


as gE TTT TF OO EEN NGG TTT RTE 
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Buckling bars J| , Shrinkage bars J| و ضع الكانات و‎ -۷ 


WEE 


Ww 2 
کنن‎ 


۸ - رسم التفرید و ال ۶Se 0٩۸8‏ 


N‏ کک 


لالا 
UE‏ 


حح حح ص حص ج ص ج ص ص جڪ ڪي 
Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames‏ © 

Downloading or printing of these notes is allowed for personal use only. P N 

Commercial use of these notes is not allowed. (www.yasserelleathy.com ) age No. 114 


۳ 
۱ 
۱ 
۱ 
! 
۱ 
۱ 
۱ 
1 
۱ 
L 


>< — wre ET 
> TT FEF 
hk 
3 == 
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As1 8 
s3 SS" 
ت‎ 2 


روو As2‏ 
ک س 


Stirrup Hangers = 0 4A 
© 81 


b~ Sec. (3-3) 


ان ا 
Sec. (1-1)‏ 


As4 


| ۹ 
E 

2 
Sec. (5-5) 
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چ اا 

HH N 1 2 i a E BININ 
لے‎ mv NEBININ 1 
@ = © 
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ر ا 

/ 

/ 

۷ 1/ 

ل کو کا 
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Examples on Frames. 


For the shown reinforcement concrete Frame of spacing 6.0 m 

and subjected to the given working loads. 

The Following is required : 

1- Draw the internal Force diagrams ( B.M. , S.F. and N.F. ) For the Frame. 
2- Design the critical sections of the Frame For Bending. 


3- Draw details of reinforcement of the Frame using moment of resistance diagram. 


= 25 N\immî , Fy = 360 N\mm® , Spacing = 6.0 m 


b (Beams) = 250 mm » b (Frame) = 350 mm ۽‎ ts = 120 mm 


ll | 


ا 


او و با وو ا وو ل وواوق ا 


100 kN 180 kN 180 kN 100kN 


اوو ا وي ا وو ا ووا ووا 
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150kN 270kKN 270 kN 150kN 
45 kN\nr 


| 


Ea 


U.L. Loads 


2.0 ملاو هلو .ھا‎ 
2 Ma= Zero 
.". 3£ )12(+ X (6) -45 (12) )6(-150)12(-270 )8( -270 )4( +120 )3(+15 )3( )1.5( = Zero 


X=186.96kN,Y=S3X=560.9kKN , Y= 1104.1kN 


150kN 270kKN 270 kN 150kKN 
45 kN\mr 


186.96 kN U.L. Loads 


560.9 1104. al 
مولو ولو و اوي ا 2.0 ای‎ 
ا ووو ا‎ 
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410.9 
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Design of Sections. 
Sec. (D 


M=1549.2 kN.m , P =186.96 KN , Db =350 mm 


1549.2 »10° 
da. = 3.5 \l zg „ggg = 1472.7 mm (as R-Sec.) 


d= (1.1¬+1.3( d, = (1.1+1.3( )1472.7( = )1619¬> 1913( mm 


Take d= 1650mm ıı t= 1650 +100=1750 mm 


P 186.96103 
Check F Dt 25.3501750 < (neg ) 


° The sec. still R—sec. CU, = 3.50 +> J= 0.78 


. Take d Ûd, = 1472.7 mm 


Take [d= 1500 mm] , | t= 1600mm 


6 
اہ یوو _ 1549.2۰10 __ ے عسل یہ 
J Fy d 0.780 * 360 *1472.7‏ 


- Check As, A. amen 


req 


Hin, b d= (0.225 + VFeu 


)b d= (0.225 « 25 ) 350 «1500 =1640.6 mmr 
Fy 360 


0 As, >Hi d .».Take As=45= 3746.2 mm 1022 


° 7 = b-25 = 350- 259 _ 6.91 = 6.0 bars 
+25 22+5 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. P N 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) age No. 122 


Sec. @ M =1283.6 kN.m ۴ P =186.96 kN Db =350mm 


d= 1500mm ( the same depth of sec. ® ) 


P 186.9610 
ے‎ __ 186.96410 14 0.04 lect P 
Chec# F bt 25 „350.1500 < E, 
*“ The sec. will be T—sec. .* use B 
K=0.8 
C.L.—C.L.=Spacing =6.0m = 6000 mm 
لس 0000ع ا‎ 
B= 4 16 s+ = 16 «120+ 350= 2270 mm 
B -=-2270mm 


K+ b 0.8 » 0 + 350= 2270mm 


= UL ^. 1500 = a = 9.97 حل ج‎ 6 
25 + 20 


“A4 _Mu.r. 5 __ 1283.6 *10° — 2877.7 mnê 
J F, d  0.826*360 * 1500 
e 2 
Check A sin. A, =2877.7 mm 


reg. 
Hin. bd= (0.225 + VF) bd = (0.225 « N26 ) 350 «1500 =1640.6 n 
Fy 360 


2 
"As, > Hmnh Ûd ..Take As= As = 2877.7 mm (E $ 22 
Stirrup Hangers = (0.1 0.2) Ag = (0.1-> 0.2) 2877.7 (4 P12 
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Sec. ® R—Sec. M=1549.2 kN.m, P = 819.1 kN 


١ [1549.2 » 10° 
dd. = 3.5 7 کڪ‎ 1472.7 mm (as R-Sec. ) 


d= )1.1>1.3( dٍ = (1.3ج1.1)‎ )1472.7 ( = )1619 > 1913) mm 
Take d = 1650 mn > 


3 
P 819.1 «10 
_F___ 819.1 *10  _0.053 > 0.04 (Don’t neglect P 
Check F,, bt 25.3501750 > ( ۴ ) 


.„. Design the Sec. on both N.F. & B.M. 


M 1549.2 ۰ e 1.89 Use 
€ = a 8191 = 1.89 mm «°. f” 1.76 = 1.08 < 0.69 وت‎ Cs 
eg = € + -c — 1.89 + Z9 _0.10 = 2.665 m 


Mg= P+» Cg, = 819.1 « 2.665 = 2182.9 kN.m 


6 
7ل جد 8.80= 2C,‏ 12| | ,0= 1650. 
350 * 25 


8= Ms 8 Pur. 
JFyd (F\ös) 
6 3 
2182.9 *10 _ 819.1 *10 — 21747 a 


0.767 * 360 * 1650 )3601.15( 


2 ے 
Check As, n‏ 
req.‏ 


Hin. b d= (0.225۰ Ve) bd = (0.226 » N26 ) 350 +1650 =1084. mit 
Fy 360 


“As >}, D d ..Take As-As = 2174.7 mr (© P22 
reg. reg. 
Stirrup Hangers = 0.4 A, = 0.4 (2174.7) = 870 mm 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 


Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 124 


Sec. @ M =427.5 EN.m , Db =350mm 


'“ The sec. is R-—sec. C= 3.50 ل ج‎ =8 


| 427.5 10° 
d ے‎ 3.9 25 * 350 — 773.6 mm (as R-Sec.) 


Take jd = 800mm) , j t =850 mm 


= ._. ~~ 8 mnî 


J Fy, d 0.780*360* 773.6 
6 M22 


spring _ 8000 = 500 mm 4 500 mm‏ = و 


¢ - 850 - 3000 = -150 mm 
3 


Mor 427.5 *10°‏ ۸4 
ھھھ د چيچ 0 


850 ا1 


لسوم وا ® Sec.‏ 


(350*800) Axially Loaded Column. P =591.3 kN 
. Pu. = 0.35 Ac Fou, + 0.67 4s F, 
591.3 *10 = 0.35 )350* 800 )25(+ 0.67 4 ۾‎ )360( 


Ag= — 7706 a = (- Ve) Value 


TO _ 0.8 _ 2 (10 018 
A4و=4و‎ = ê «350» 800 = 2240 mrt (10418 


حص ج جح حص ج ص ج ص ج ص جڪ ي 
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Check Shear. 


— Allowable shear stress. 


Fr, [25 

=0. 4 - 0.98 N 

_ ڕ¶‎ = 4 5 0.24 > \mmî 
F | 5 2 

_ qq = 0.7 5 0.7 > = 2.85 N\mm 


Sec. 0D @Q= 669.1 EN 


چ 
۱ 


q._ _@ _ 669.110 2 
Uu= ڪ‎ = 1.27 N\mm 
bd 350 « 1500 ۱ 
<Io< 


° “® We need Stirrups more Than 5 p8 \™ 


As(Fy\ös) 
“. Use dg-Q- dew_ e 
2 
Db S 


x Take N =2 , $8 ج‎ Aş = 50.3 mm 


1.27 _ 98 _ 2» 50.8 (2401.16) __ (S-789 mın < 100 men 
350 +S 


* Take N =2 , $ 10 —> Ag = 78.5 mrî 
1.27 _ 098 _ 2+ 78.5 (24011.15) __ S-120 mm> 100mm 
350 +S .. 0.k. 


. No. of stirrups\m* 100e _1000 _ 8.33 =9.0 


. Use Stirrups j9210\mj 2 branches 
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Sec. @ Q-= 410.9 kN 


3 
qy = _Q _ 410.910 _ <8 N mB 
bd 350 * 1500 


“ !y < u, s> Use min. stirrups [58 \m: 


Sec. @ 


٣ ا‎ 
0.50 
Q- 120kN tan B =0.116 اام‎ 


Qq_ 4 M tanB 
r SE 
bd b d 
2 


3 
120 *10 _ ZERO —=0.761 N\mm 


350* 450 


“ u < Qu, s> Use min. stirrups [5$8\m: 
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0.456 0.4375 
اھا 
0.875 


1.75 
0.475 1.3125 
أ 

z8 
0.60 _ 
1 
1 
1 
الا‎ 
RAE 
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1 

1 

۱ 

١ 
NI 
| 

HHT i 


سال ج 
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N NÎ jn 
= NÎ N 
8 8 
S TI |W 
o 
ا‎ 
& 
Xa 
ی س0‎ 
75 
2 3 
5 ج‎ a 
SC 
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aa 9 
ape 9 
2143 
ww 
‌ aa EE 
= 2 & & & 
~— tI 2 YN FY 
6ا‎ 
aI 1 ن‎ 
alt ب‎ 
هه‎ : 
8 teafe 9 
n 


E س‎ 
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Example. 


60 
سا0 ,1 اس 
ورا و وآ وو ووا 
Data. 180KN 180EN‏ 
2 
N\imm‏ 25 8 
Fy = 360 N\mmî‏ 


D (Beams) = 250 mm 
b (Frame) = 350 mm 
اlو=‎ 140 mm 

Spacing = 6.0 m 


Reg. 


0 Draw the Internal Forces Diagrams For the Frame due to 

the given working Loads. (Case of total Load is only required) 
@ Design the critical sections of the Frame. 

using U.L. design method in bending and shear. 
@ Draw Details of RFT. For Frame.in elevation to scale 1:50 

and cross—section to scale 1:10 

making curtailment of steel using Moment of Resistance Method. 
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Loads on the Frame. 


2:0 
60 
َ 
180 kN 180 kN 
6.3 
89.7 kN r 
6.6 
2:0 
60 
40 
8 120.37 kN 120.37 kN 
- 


چ 
م وام.g‏ 
٠ 403.415 kN‏ ال 481.5 
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417.7 


© © چ‎ 
(working) 
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ج جص ص ج جج جح ص جج ص ڪڪڪ س ج a‏ 
Design & RFT.of Frames‏ او All copyrights re‏ ار Lea‏ ا 2 ا O‏ 
tes is allowed for pers‏ ا 
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Design of Sections. 


Sec. @D 


M =478.2 kN.m , P =180.5 kN , D =350 mm 


6 
da = 3.5 I — 818.2 mm (as R-Sec.) 


d= )1.1¬+1.3( d, = )1.1+1.3( ) 818.2 () = )900 ¬+ 1063 ) mm 
Take d= 950mm ,ı t= 950 +50 =1000 mm 


P 180.510 
_  ے‎ _180.5+10 - 0 0.04 .“. (neglect P 
Check F bt 25.350. 1000 (neg ) 


. Take Û Û, = 818.2 mm 


“ Take |d =850mmî , jt = 900 mm 


'" The sec. still R-sec. C4 = 3.50 +> J= 0.28 


Mur... 478.2 x*10° 


ص ڪڪ ص ي ڪڪ ee‏ كو 6 
J FE, d 0.780 + 360 *818.2‏ 


— 2081.4 mrê 


2 
Check As, i am 
reg. 


Hin. bd= (0.225 + Vee) bd= (0.225 4 LEE ) 350 +850 =9. 7 mm 
Fy 360 


Aş, > Mnh d Take As= As = 2081.4 mr (1 $16 


°. 71 = b-25 = 3590-25 7.92 = 7.0 bars 
4+25 16+5 
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Sec. © M=8347.6 kN.m , P =186.3 EN , Db =350mm 


d= 850mm ( the same depth of Sec. @ ) 


3 
P 186.3 +10 
_  _ 186.3*10 0.026 < 0.04 »“ (neglect P 
Check FE, bt 25 «350850 < (neg ) 


. The sec. will be T—sec. “ use B 
u 
xz0 


C.L.— C.L.= Spacing = 6.0 m= 6000mm 7 


B= 4 16 tg+D = 16 «140+ 350= 2590 mm 


L 
K+ Db — 0.7» 4 + 350 =1655.3 mm 


Murr. 6 
. d=, ل > 9.27 = إ0 ,_ 310| ,= 50ھ .. دل‎ 6 
Fo, B 25 * 1655.3 
M 347.6 «10° 
gE 2ے ے‎ ۹ E mM 


J Fy d 0.826 * 360 * 850 


—_ Check As, As 1762 mm 


reg. 


Min. bd= (0.225 + Feu) bd = (0.225 25 ) 350 «850 =929.7 mnî 
Fy 360 


As >Hymh d ..Take As=- As = 1375.2 mr (7416 
red. reg. 
Stirrup Hangers = (0.1 0.2) Ag = (0.1 0.2( 1375.2 


حح جج ص ج ج ج ص ج ص ڪڪ ڪي 
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Sec. ® R—-Sec. M= 478.2 kKN.m , P = 626.5 kN 


d 478.2 «10° 
= 3.5 2 „gy = 318.2 mm (as R-Sec. ) 
d 


= (1.3ج1.1) = ر (1.8ج1.1)‎ )818.2 ( = )900 ¬+ 1063( mm 


Take d = 950 mm , lt= 950 +50 =1000mm 


3 
P 626.5 «10 
کک ا ے گے‎ - ~77 0.04 Don t neglect P 
Check Fo bt 25350 1000 > ( . ) 


=, Design the Sec. on both N.F. & B.M. 


Cg = € + E —C = 0.768 + 10 _ —0.05 = 1.218 
Mg= P+ €, =626.5 «» 1.213 = 759.9 kN.m 


6 
“950 =, |9 0 


4 ل ج 3.22= ,€ ج 
360 * 25 


6 3 
Ms Pur _ __769.9۰10° _ _ 626.510 _ goy mnê 
J 1 d (F\Sg) 0.764*360» 950 (360\1.15) 


red.‏ ج ڪڪ 


nin. b d= (0.225 Vez) ù a = (o.22 . EE) 50 «960 =1039 mm 
Fy 360 
° Min bd <4 . LAR Asin 


1. 3 As, „= 1.3907 = 11791 mrê 


As = (0.225 ۰ V25 5 (350 «950 =1039 mrî ١ الأقل‎ 


` = 1039 mrê 


° 7 = e = 350- 25 _ 7.92 = 7.0 
pP+25 16 +25 


Stirrup Hangers = 0.4 Ag = 0.4 (1039) = 416 mrê 2%18 
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Sec. @ M=375.7 kN.m , Db =350mm 


' The sec. is R-—sec. C= 3.50 8=ل ج‎ 


[375.7 +» 10° 
d= 35 ا‎ 725.2 cm. (as R-Sec.) 
*“ Take d = 750 mm 750 d = 750 mm | =800 mm 80 | =800 mm 


_Mur. _ _ 375.7 10° 


= r SG EE — 1844.9 mrî 
e * © 
J Fyd * 36 


وا ° 


_ Check As, A, ats 


reg. 


Min bd= (0.225 + e ( bd = (0.225 « 25 ) 350 +750= 820.3 mm 
Fy 360 
2 
As. > Hy,,b d :.Take As= A s5 1844.9 mm 10416 


1 800_ 
= وک‎ = 400 mm 


sping _ 6000-500 mm ¢ JY = 500 mm 


_Zo _ g00 -2500 = -33.3 mm 
3 3 
Sec. ® 


( 350*450( Arially Loaded Column. P =744.4 kN 


. Fur, = 0.35 Ac Foy + 0.67 4s F, 


.. 744.4 *10 = 0.35 )350* 450) (25)(+ 0.67 A 4 (360) 


°. A “ج- کو‎ 7 mm = (-Ve) Value 


. کا = ,و44‎ +850 450 = 1260 mr 


min. 


حح جح حص ص ص حح ص ص ج ص ڪڪ ص ي 
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Check Shear. 


— Allowable shear stress. 


Fk 
- ڕ¶‎ = 4 5 


\ / Fou 25 2 
3 da 0-7 0.7 \ Tz = 2.85 N\mm 


Sec. (0 Q- 335.1 EN 
QQ 8335.110 


°. Actual shear stress.= Jy = 3 E 6 N\mm 
bd 350 * 850 


98 
» 
هھ‎ 
Î» 
oj o 
د‎ 
© 
oo 
2 
کے‎ 
8 
3 


“ doy<Iu< mag." Fe need Stirrups more Than 5 $8 \ mè 
“ Use dg-Q- ew_ n As(\ 3s 5s( 

2 b S 
* Take Nn =2 , $8 > As = 50.3 mm 

350 +S 
+ Take Nn =2 , $ 10 > Ag = 78.5 mnî 
1.126 - — ح‎ 2 # 78.5 (24011.15) 

350 *S 


—ysS=94.32 mm < 100mm 


—ڃsS=147.19‎ mm> 100mm .'. 0.k. 


9 147.19 
.. Use Stirrups 2 branches 


Sec. ® Q= 134.5 kN 
500} || 
.* Actual shear stress. = 1 
Qq 4 M tanB 
r rS TT 
bd b d 


3 
_ 134.510 _ ZERO =0.853 N\mmî 
350+ 450 


“ dy < oy s> Use min. stirrups [5 $8\m: 
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مول کو5 


0.50 


مراحل رسم التسليح Frame JJ‏ مح مراعاه الترتيب 


"0me رسم مکان التسليح الرئيسى جهة ال‎ -١ 

۲- تسليح ال وام ٠هل‏ (عمل التباعد و التداخل ) 

۴ه الخديد السفلى يرصم من .وش العمود الى وش الغمون 

-٤‏ رسم التسليح عند نهاية الاعمده (عمل أشاير أو لف الحديد فى العمود) 
۵- رسم البلوكات مع مراعاه عدد الآسياخ و عدد الصفوف 

Stirrup Hangers J| »وض‎ -ل٦‎ 

۷- و ضع الكانات و Buckling bars Jl Shrinkage bars J|‏ 
۸- رسم التفرید و ال ۶٥٤0٥۸8‏ 
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| 
إا 


واوا 


R.F.T. of the Frame. 
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3416 
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O N NR NN 
Nn. wR. wm m = 
SKS KS KR 8&8 8&۳ 8&8 
NNN NN 
ا 1.0 ا‎ 
Sec. (3-3) 
حح جج ج ج ج ج ص ج ص ڪڪ ڪي‎ 
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Example. 


The Figure shows a sectional elevation of an intermediate two hinged Frame 

(a bcd dc ba’) of a shed. The shed is composed of a group of beams and Frames. 

For the given working loads and reactions it is required to : 

1) Draw the shearing, Normal Force and Bending Moment diagrams For the Frame. 

2) Using the ultimate limit design method, design the critical sections For an 
intermediate Frame to satisfy the requirements of the internal Forces. using the 
dimensions given For the part (b d). 

3) Complete detailed drawings (i.e. elevation and sections ) showing all 
necessary reinforcement using moment of resistance diagram. 


Data to be used: 
— The spacing between Frames is 5.0 m center to center. 


— Slab thicknesstg =120 mm 
— Breadth of all beams =250mm and Frames =350 mm 


— Concrete characteristic strength ا‎ = 25 N\mmê and steel of grade 360/520 


ا ھا 1 
ا و ا ر ل وو ووا 


120kN 120kRN 


6GOKRN 120 3 


2.0 


Statical System 


136.77 kN 
n 


536.8 kN 596.8 kN 
اہے‎ 


ا 


1.0 1.0 
لوو اوھ لوھ الو ھلم .وا 


136.77 kN 
چ‎ 
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1.0 1.0 
لو و لیے ل ی( یھ لی( ھل ر و ا 


120kKN 12O0kKN 


2 


1 kN\m 


Statical System 
136.77kN a 


چ 
kN _ 56.8 kN‏ 536.8 


ا ا پر ا ور ا وو وو 
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B.M.D. 
(Working) 


7 35 
رو2 136.76 498 


N.F.D. 
(Working) 


60 


60 


(Working) 
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N 


1 2 f 


Am - 


B.M.D. 
(U.L.) 


S.F.D. 
(U.L.) 
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Design of Sections. 


Sec. (0D M=659.25kN.m , P =372.53 EN , Db =350 mm 


i 659.25106 ا ا‎ 
کر‎ 5 TTT .7 mm (as eC. ( 


d= (1.1-¬>1.8( dٍ = (1.3ج1.1)‎ )960.7 ( = )1056.77 +> 1248.9) mm 


Take d=1100mm:, t= 1100 +100 =1200 mm 


3 
Check P _ 372.5310 


E RC OS 0.04 .“ (neglect P 
Fo, l(t 253501200 ك‎ ( ) 


“ Take Û = d, = 960.7 mm 


“ Take ld = 1000mm} , jt =1100 mm 


Mu... 659.25 «10° 


8 J F,d `` 0.780 * 360 +1000 


— 2347.75 mrê 


Check A4 Smin. A و‎ 5 7 


Treg 


Min. b d= (0.225 Ve) bd = (0.225 « J25 ) 350*950 =1039 mm 
Fy 360 


2 
: As, > Hin} d .. Take As=4s,= 2347.75 mm (10 $18 


2 0-9 ے‎ 7.56 = 7.0 bars 
2 + 
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Sec. © M=360.82kN.m , P =205.15 kN , b =350 mm 


d—=950 mm ( the same depth of Sec. (@ ) 


P 205.15 <10 
Check حح‎ l1 “` - 0.13 0.04 .“ (mealect P 
ECF Frbt 253501000 < (neg ) 


*“ The sec. will be T—Sec. K=0.7 


C.L—C.L.= Spacing = 5.0m = 5000 mm 


B= 4 16 +b = 16 «120 + 350= 2270 mm 


6 
Muz. .. 1000 = C, || 210 _, 2C, =12.24-+ ل‎ 6 
25 +2161.6 


6 
و‎ _Mu. _ _360.82 *10 — 1213.41 mrê 
JFyd 0.826 * 360 *1000 


2 
Check As, ا‎ 1213.41 mm 


red. 


nin. b d= (0.225 * Feu) bd = (0.225 KE ) 350 +1000 =1039.75 mm 
Fy 360 


As > Hh d Take As-As = 1213.41mm (5 $18 
reg. reg. 
Stirrup Hangers = (0.1 0.2) Ag = (0.1> 0.2) 1371 
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Sec. ® R-Sec. M= 220.5 kN.m , P = 829.8 EN 


6 
d 220.5 «10 ٠ 
o = 35 چا‎ „gp = 5556 (as R Sec. ) 


d= )1.1+1.3( d, = )1.1+1.3( )555.6( = )611.17 > 722.3) mm 


0 (Column) < 0.8 Cii) Take, (Column) ج‎ (Beam) — 1100mm 
3 
Check P_ 829.8 «10 


= = 0.086 0.04 (Don’t neglect P 
F, Di 25350. 1100 > ( ۴ ) 
.. Design the Sec. on both N.F. & B.M. 


Pp 7 Bagg 7 0.265 m = 0.24 < 0.5 Use, ID. 


* Use Interaction Diagram 


4 1100-200 = 0.818 = 0.80 €, ECCS Design Aids Page 4—24 
Pu _ 429.810 _ og 

Fy, bt 253501100 P<1.0 Take P=1.0 

_Me __ 220.51 _ 0.021 

Fubt 25.350.110 


|= P+Fg,*10 =1.0*25*10 = 2.510 


As -Ag= [| +« D+ = 2.510% 350*1100 = 962.5 mnê 


114 
: 8 2 
Check Aspin= 0.6 bt = 0.6 «350 «1100 = 3080 mnî 


2 
A8 rotal = As+ A; =2 +962.5= 1925 mnî .. A8 rota < Asmin 


.. take As = A§- E 1540 mrî 7018 
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Sec. @ Mr, = 438.7 kKN.m و‎ R—Sec., b جح‎ 350 LAL 
d—=600 mm ( As gwen in Data.) 


“d= | UE. ^. 600= 0 = 2.68 < 2.78 


® We have to increase Dimensions 
OR use Ag using First Principles. 
OR use A; using I.D. 


Use A gf using First Principles. 


600 
Crna = 0.8 ($) [ 300 + (Fg) J *0=0.35 d =0.35 «600 = 210 mm 
y 


Fou 210 
Ma _ 2u “E mas b (d- raz)” $ (75) (210 (850) (600-41) = 404250000 
=404.25 kN. 
- Get AM -M,,- Mer = 438.7- 404.25 = 34.45 kN.m 
Get A$ From AM = Aږ‎ d2) 
. 34.45 »*10 = 4 س‎ > Ag = 200mm 


4 ھ-‎ 
HM ج‎ 50 Fou, = 5*10*25 =0.0125 From old Tables Page (6) 


“*As= Û bd+ As =0.0125 (350) (600)+ 200 = 2825 mm 


12%18 
- Check 4 200 = 0.07 < 0.40 ED 
sS 


2825 
FL F* 
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Check Shear. 


— Allowable shear stress. 


F | 25 2 
= 0.24 1O _ 0.24\| | — - 0.98 N\inm 
EES do, Se 1.5 | 


./F 25 2 
= 0.7 1C 0.7 —— L~ 5 
. n Se 1.6 N\mm 


Sec. 0D Q- 286.33 EN 


“d~ _@_ _ 286.310 
bd 350+ 1000 


n < n —— Use min. stirrups | 5S¢p8\m: 


Sec. @ Q- 90 kN 
tan B= Zero اا‎ | 8 
ا‎ 


dy ® _ M tan B 
bd bd 
3 2 


_90 *10 _ ZERO =0.73 N\mm 
350 * 350 


“ y< oy > Use min. stirrups | 5%88 \m: 
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= 0.818 N\mmî 


. Actual shear stress. = 


% کے ے 
s‏ ا و ہے 
CS HL-‏ 
A--‏ 
/ 
/ 
0 
۱ 
1 
2 
N, ©‏ 
o‏ 
۴ 
1 
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: Ti 
SS 


® 


A 
2 


0 


⁄ 


د 


ج 
® 


ن 


3 


کے 


Tm 
unit || 
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R.F.T. of the Frame. 


ls 
ala 
aI 


ala 
ls 


1 
Sec. (3-3) 


Design & RFT.of Frames 
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Sec. (1-1) 


Sec. (2-2) 


أ ك ا 

N oo || o ~ 
- - إ|ْ‎ 

& SSE 
N nije 2 
| 
81 
ا0‎ 

> أ‎ © o“ 

~~ | — >= 

۱ & | & 8&8 

N | RN ۵ 
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Example. 


WLLLLLLLLLLLLLLLLLLLLLLLLLLLAL 
2 2 


Data. 
ر‎ 42.5 kN 


Fou Fy = 25/360 
ls= 140 mm 


Spacing = 6.0 m 42.5Î%N 42.5 EN 


D (Beams ) = 250 mm 
D (Frames) = $50 mm 


Reg. 
O Draw I.F.D. due to U.L. Loads. 


@ Design the critical sections of the Frame using U.L.D.M. 


® Draw details of RFT. to scale 1:50 in elevation & scale 1:20 
cross—sec. making curtailment of steel using Moment of Resistance. 
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66.3 


Design & RFT.of Frames 
Page No. 158 


| 363.26 kN 


353.25 + 63.75= 417 KN 


498.7kKN 


لم ,ےا 
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I.F.D. For the Frame. 


B.M.D. 


(U.L.) 


e 


2 چ 163 68.38.6104 : 


N.F.D. 


(U.L.) 
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Design of Sections. 


Sec. OD 
M —=989.25 KN.m , P =10.4 kN, Db =350 mm 


989.25 «10° 
dd. = 35 ۱ ze. ggg = 1176.8 mm (as R-Sec. ) 


d= (1.1+1.3) d, = (1.1 +1.3 ( )1176.8 () = )1294.56 ¬+ 1629 (mm 
Take d = 1300 mm , t= 1300 +100 =1400 mm 


_P _ _ _ 10.4 «10 0.00086 0.04 .“ (neglect P 
Fy. Dt 253501400 < (neg ) 


The sec. will be T¬—sec. 


و 
12 
B= 4 16tg+D = 16 +140 +350 = 2590 mm TS‏ 


Check 


KL + D = 0.8 « 12869 4 350 = 2328 mm 


B= 2328 mm 


Take C= 6.0 > J = 0.826 


6 
“. d =6.0 \ (LES *10 — 782.2 mm 
25+ 2328 
ı. Take , [Ez aor 


6 
مہ ووی _ 989.25۰10 __ ے تل ی۸ .. 
JFyd 0.8626 *360* 782.2‏ 


Check As As = 4253 r 
کے‎ reg. 


Hin b d= (0.225٠ Vee) bd = (0.2265 N26 ) 350 «800 = 875 mm 
Fy 360 


e 6 ا‎ = 2 
Aş, > Hah A Take As= As, = 4253 mrt 


.. p= D-25 _ 350-25 _ 6.91 = 6.0 bars 
0+25 22+5 


Stirrup Hangers = (0.1 0.2) Ag = (0.1-> 0.2) 4253 (4412) 


ج 


س هدس 
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Sec. © M=1456 kN.m , P =75.4 KN , D =350 mm 


d= 800 mm ( the same depth of Sec. ® ) 


P 75.4 «¢ 10 
Check 4  ے‎ 10.4 +11 ~n 0 0.04 .. (neglect P 
ا‎ F., lt 25 «*350 «850 < ( ۴ ) 


M 6 
“d=c, 1 Lk .. 800 =C, ل ج 6.20 = ,€ چ ا‎ = 6 
CU 


۸ Mor 145.5 x*10° e 
° gg کے سے‎ 
J Fy d 0.826 * 360 * 800 


Cheok AS, A, =611 mm 
ڪڪ‎ reg. 
Hin b d= (0.225 Fe) d= (0.225 5 ( 50 +800 = 875 mm 
Fy 360 
Min bd >4, 8 Asin 
As (0.225 » JAS) 350 «800 =5 " الأقل‎ 
min. 360 
1.3 As, =1.3*611= 794.3 mî J793 mr 


850 _ 425 = 450 mm 
Y= 4 t, = peeing. _ 6000 = 500 mm & Y= 500 mm 
t 
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Sec. ® R-Sec. = 145.5 kN.m , P = 377.7 kN 


145.5 «10° 
da. = 3.5 2 gg) = 451.3 mm (as R-—Sec. ) 


d= )1.1+1.3( d, = (1.3ج1.1)‎ )451.3( = )496.4 ¬+ 586.7 ( mm 


. Û (Cohemn) < 0.8 (Beam) Take, (Column) = (Beam) = 850 mm 


P 3 0 * 10 9 
4  ے‎ 377.7 «10 = 0.057 0.04 Dont nealect P 
Check Fou bt 25350850 > ( ) 


.. Design the Sec. on both N.F. & B.M. 


e ا‎ _ 5 
P 


„ £ _ 0885 _ 0s o5 Ms, 1D. 
ا‎ 0.65 


* Use Interaction Diagram 


I 
ب‎ 
< 
» 
< 

۱ 
S 
o 
o 
0 


4 450-10 = 0.88 = 0.80 8€, ECCS Design Aids Page 4—24 


Py, _ 377.7 .10 اق‎ 
Fb 254350850 : 
P<1.0 Te; P=1.0 
M 145.5» 10 ۰ 
Mu ے‎ 2 = 0.023 


Fubt” 25350850 


[|= P+F,*10 =1.0*25*10 = 2.510 
As - Ag = | +« D+ = 2.510% 350*850 = 743 mnê 


— Check As min= 0. »b :s— غ‎ * 350 +850 = 0 mnê 


2 . 
A8 rotal ے‎ As+ Aş = 2+ 743 = 1486 mm .. ا‎ < Asmin 


.. take As = A§- ا‎ 1190 mnê 41 P22 
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Sec. ® (350*400) 

Awially Loaded Column. P=353.2 kN 

. Pur, = 0.35 Ac Feu, + 0.67? Ag Fy 

(360) چ 4 0.67 +( 25) (400 *350) 0.35 = 10* 353.2 .. 


Ag= —- 3614 mr ڪ‎ (- Ve) Value 


Aو=4و‎ = 06 „ 350 » 400 = 1120mm 10412 
Check Shear. 


— Allowable shear stress. 


Fk 25 2 
_ ¶ ر‎ == 4 2.5 = 0.24 > = 0.98 N\mm 


1 
F 25 

=0.7\/| 0 = 0.7 /ا]‎ = 5 
ا‎ Ke 1.5 e 


Sec. (D0 Q- 802.1 EN 


Q_ _ 302.110 


Uu= = 7 N\mmî 
bd 350 » 800 


“ douy<Iu < nag, ** Fe need Stirrups more Than 5 $8 \m 
“ Use dg-Qu- LOOKS 

2 b S 
+ Take N =2 , ¢ 8 > Ag = 50.3 mm 


1.07 58 2» 50.3 (240\1.16) _ (6-103.4 mm > 100mm 


350 +S . 0.K. 
. No. of stirrups\m _ 1000 _ 1000 _9 67 10 
3 103.4 
'. Use Stirrups 2 branches 
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Sec. © Q- 278.2 kN 


Q _ 278.210 


N\mmî‏ 0.93 = ے ہگ کل 
Dd 350 +» 800‏ 


de, <o < E ° We need Stirrups more Than 5 $8 \mt‏ غ 


q n As(F\5s)‏ ت 
J 7 E E a‏ “° 
se ds-=, 2 = b S‏ 
mm‏ 50.3 = 4 چ p8‏ ڪ, 7= x Take N‏ 


0.993 - 298 _ 2» 50.8 (2401.16) 


— gS =119.2 mm 2100m 
350 *S 


o.K. 


8 119.2 
. Use Stirrups | 9%P8\m™m j 2 branches 


Sec. ® Q= 63.7 RN 2 


tan B = Zero اا‎ | 
ا‎ 


سوم ےا 
Actual sh tr 4 M tan B‏ 
ctualL shear stress.= 0‏ 
bd bd‏ 
3 
ZERO = 0.404 N\mmî‏ _ 63.7*10_ _ 


350*450 


dr < den, ——> Use mim. stirrups | 5$8 \mt‏ ف 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 164 


0 
3 
¢ |S 
6 
© 
4 
E 3 
مت‎ 
چ‎ ma َ Eis E 
[ S| 
sè ۱ 8: 
sS | 
۱ 
ا اا‎ 
% 
ا‎ 
© 
o 
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Design & RFT.of Frames 
Page No. 166 


R.F.T. of the Frame. 
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N 
l0 
® 
o 
N 
N 
8 
ا‎ 
N 
NI nN 
^۱ 8 
SAS 
© 
2148 1 
ا حا‎ 
o | RE 
a2148 N 
e PP 22) 
 /R 
N 
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حر 
ج 
E 0‏ 
e‏ © > 
0ه © 
NNN o‏ 2 
N‏ ۱ 
8&8 8 3 
رر 
©6 ا ¥¢Î‏ 
کے 6ا 
° هه 
٤ 3‏ 
e |e‏ لا ^٣‏ 
N ~— Iw‏ 
حر & |&K‏ & |& 
N IN‏ | | 2 | 
کک sS‏ 
ن‌ = ⁄ 
3 3 
n‏ أ 
3 
ol‏ 
N‏ | س 
N‏ 
& | 
کے N‏ | 
- —~ ۱ 
| 
د 
e‏ 
> آ tat‏ : 
n 2al%2 |‏ 
0 
alt =‏ 
2 
ala 0‏ 
2 | 8 
Gar‏ ه 
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Example. 


ا وسا 
ا ھل وی ي لاومو هھ لموم ي 
Data.‏ 
i = $0 N\mmî ۴y = 860 N\mmî‏ 


ls = 120 mm Spacing = 6.0 m 


1-0 ا‎ 
LET ROE OEE OTE 


Reg. 


1 For the given working loads, draw the bending moment 
Shear Force, Normal Force diagrams of the Frarre. 

2 - Using Ultimate Limit Design Method, design the critical sections of the Frame. 

3- Check shear stresses For part (FG) of the Frame and Find the required shear 
remforcement if necessary. 

4-— Draw moment of resistance diagram For part (C DE) only. 

5§- Draw to scale1:5O0 an elevation of the Frame showing clearly the arrangement of 
the reinforcement. Draw to scale 1:25 oross—seoctions For the designed oritical sections. 
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^ 408. A sar. 1KkKN 
ل50 0 ك‎ E ا‎ 


N.F.D. 
396.5 (working) 
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Design of Sections. 


Take b (Frame) = 400 m 


Sec. Sec. D M =2010 kN.m, T =10.9 kN (Can be neglected) 
The sec. will be T-—sec. K= 0.7 
C.L.—C.L. = spacing = 6.0m = 6000 m 
g0 لی‎ 
B= 4 16ts+D = 16»120+400 =2320 mm ےا‎ ۴ 


K Z+b _ 0.7» 18230 + 400 =2962 mm 
5 5 B =2320 mm 


Take C= 6.0 > J = 0.826 


6 
.. d=6.0 ا‎ = 1019 =1000 mm 
30 +* 0 


“Take j\d=1000mml , jt =1100 mm 


6 
سم ووہی _ _ 2010۰10 __ ےہ سل ےی 
J F, d 0.826 * 360 * 1000‏ 


Check As, A, =6759 mm 
ڪڪ‎ req. 


HMnin. b d= (0.225 =) d= (o.25. ) 400 «1000 =1369.3 mrê 


As „< Hn d ..Take Ag= As ٍ 9 mr (4025 


“. pn 0-25 _ 400-25 _ 50 = 7.0 bars 
+25 25+5 


Ag = (0.1 0.2) 6759 (6 $12‏ )0.2 >ج0.1( 


Stirrup Hangers 
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Sec. @©@ M=618.0 kN.m , P =95.2 kN , Db =400mm 


d= 1000 mm ( the same depth of Sec. @ ) 


P۶ 95.2 «103 
Check FTF bt 30 «400.1100 


6 == ل > 4.42 = ,€ ج ا , =C‏ 1000 . م -n‏ 


Mur 613.0 + 10°‏ دو 
J F۴, d 0.816 * 360 * 1000‏ 


= 0.0072 < 0.04 . (neglect P) 


— 2086 mm 


Check A ik A ت‎ = 2086 e 
ع ڪڪ‎ red: 


HMnin. b d= (0.225۰ Feu ) bd = (0.225 Ea ) 400 «1000 =1369.3 mm 
Fy 360 


As > Hnh d ..Take As= As > 206 mnt 


Sec. ® R-Sec. M= 613.0 kN.m , P = 594.7 kN 


d 613.0106 
که‎ 3. "80.400 =2 791 mm (as R-Sec. ) 


d= (1.11.3) d, = (1.11.3 ( )791 ( = )870 > 1028 ) mm 


*“ Take Îd = 1000 mmj, jt =1100 mm 


P _ 6947.1 _ : 
Check ET TTT 0.045 > 0.04 (Don’t neglect P ) 


„ Design the Sec. on both N.F. & B.M. 


_ MM _ 613.0 _ . € _1.03 _ Use 
TT E TT 0.93 < 0.5 و گك‎ 


eg= €+ -cC 1.03 + 10 — 0.10 = 1.48 m 
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Mg= P<€s= 594.7 «1.48 = 880.1 kN.m 


6 
.“.1000 =, || 110 _, 2, 9ل ج 9و3.6=‎ 
30 * 400 
ا‎ Ms 5 Pu. 
JFd (FAs) 
6 3 2 
_ __ 880.1 +10 _ _ 594.7910 _ 6 mm 
0.79» 360*1000. (3601.15) 
Check As, As 1195 mm 
ڪڪ‎ reg. 
2 
HMnin. b d= (0.225 Feu ) d= (0.225 . S0 ) 400 *1000 =1369.3 mm 
Fy 360 


Hin, bd >45 کک‎ Asin 


A = (0.225 » ۷/30 (\ 400 «1000 =1 369.3 a ۰ 
( r) الأقل‎ 
=1369.3 MR 


1.3 As,,q.=1.3+1195 = 1553.5 mrê 


Sec. @ R-Sec. M= 790.6 kN.m , P = 760.2 EN 


d— 1000 mm ( the same depth of Sec. @) 


3 
Check E E ELE = 0.057 > 0.04 (Don’t neglect P ) 


Fou, D( 304001100 


„. Design the Sec. on both N.F. & B.M. 


e-¥%- 0C - 1.04 m „. £104 4و0‎ < 0.5 84 e 
Ceg=e +1 -0 = 1.04 + 1® -0.10 = 1.49 m 
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Mg= P<€g = 760.2 «1.49 = 1132.7 kN.m 


6 
5ل جد 3.25= ,€0 و 2| ,= 00 .° 
* 


Ms Pu. 1182.7 «10° 760.2 «103 


— 2 ے‎ 2 
S7 F,d (R\Ss) 0.765«360 «1000 (360\1.15) e 
Check As”, A, =1685 mm 
reg. 
VFeu 30 2 
Hin. b d= (0.225 ) bd = (0.225 « ا‎ ) 400 *1000 =1369.3 mm 
Fy 360 


Ag, > Hanh d Take As= As = 1685 mt {P25 


Sec. ® M=180 KkN.m ,„ b =400mm 


180 «10° 
d= 35 BT — 428.6 mm (as R-Sec. ) 


“ Take |d =450 mm و‎ t= 500 mm 


M 180 +*10° 
E وی ےر کے‎ 
J Fy d 0.78 * 360 *428.6 


Check A ر‎ A5 1495 nm 


Hin. b d= (0.225 * Ve) bd = (0.225٠ Ea ) 400 «1000 =1 369.3 mnt 
Fy 360 


. As, > Hugh d Take As= As = 145 men 


ً 
Take Y=0.40 m e 
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Check Shear. For part (F G)) 


— Allowable shear stress. 


[F 30 2 

LF = 0.24 5 = 0.24 1.5 = 1.07 N\mm‏ کے 
F 30 2‏ 

_ 3 =0 5 = 0 TE = 3.13 N\mm 


Sec. (0 Q= 75.0 kN 


.* Actual shear stress. = 0 


dy? _ Minp a 
bd bd 2 ۰ 


3 
_ _75.0 «» 10 _ ZERO = 0.536 N\mmî 


400+* 350 
* Ty < Qoy > Use mim. stirrups | 5 $8 \m:' 
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TASS 


0 
LELE 2 LAR : ! 


I1 1 
2 np nr. 
کے‎ n 0: 
¬ nur) اأ‎ 


۲ 


1 

1 

OE ° 
N 
أ‎ 
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R.F.T. of the Frame. 


1 
N 
8 
« 


0% 
۹ N 8 
4 8 
8& «| | 
0 
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Sec. (5—5) 


Sec. (4-4) 


Sec. (3-3) 


1 
1 


Design & RFT.of Frames 
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9e 
ala 
ala 
Ar 


I2 
sefe 


Sec. (2-2) 


Sec. (1-1) 
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Example. 


Figure (1) shows a sectional elevation of a reinforced concrete structure, The structure 
consists of reinforced concrete slabs supported by a system of secondary beams and 
Frame (F), spaced at 5.0m It is required to : 

1- Calculate the equivalent working loads For shear and moment For Beam (B). 

2- Using the limit state design method (L.S.D.M.) , design the critical sections For the 
Beam (B) to satisfy the internal Forces requirements and then draw its details 
of reinforcement in elevation to scale 1:50 and cross sections to scale 1:25 
Imperical curtailment of bars is required. 

3- Draw the N.F.D. , S.F.D. & B.M.D. For the intermediate Frame (F) . 
Using the given working loads. 

4- Design the critical sections of Frame (F) to satisfy the internal Forces requirments 
using (L.S.D.M.) 

5- Draw details of reinforcement For Frame (F) in elevation to scale 1:50 and 


cross sections to scale 1:25 
Curtailment of bars using the moment of resistance diagram is required. 


Data: 
. Concrete characteristic strength Fu, = 25 N/mm® . Steel used is St. 360/520 
. Slab thickness (s = 150 mm . Floor cover F.C. = 2.0 kN/mî 
. Live Load on slabs L.L.= 5 EN/m/HL. projection . Own weight of beams = 3.5 kN/m 
. Oun weight of Frames = 7.0 kN/m ° broek = 16.0 kN/mî 
“س‎ B 
1 n 
1 
4 : 
100 EN 0) 
JUTE 
28.5 N/m i 9 
| 6O 16ORN  BO#N 
2.5 
۲ 7.0 EN/m 
ا‎ 5 
فوا ااا‎ 
3.0 2.50 
1.50 1.0 2.50. 2.50 
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1- Calculate the equivalent working loads For shear and moment For Beam (B). 


aD 


2.29 5 
و 5 56 .26 س Q‏ 


%0001. 001 
NLN 
| 


x For Horizontal Slab. 


Wen = 0.MU. + F.C. کے بر‎ 0. 15×25 + 2.0 +5.0 


Wgn= 10.75 kN\mî 

2 
Ca = 1-1) ( = 00 Le = fal 4.0 = 0.78 
x For Imclned Slab. 


Wg =0.W.+ F.C.+ L.L.»« Cos O 
= 0.15«»25+ 2.0 +5.0 x Cos 26.56 = 10.22 kN\mî 


Ug; = 10.22 kN\mî 
Cy, - 1-1 (2.79 _ 2.79 
س‎ 1)) 0.72 e 1-4 (ک)‎ = 0.89 
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Wa = 0.W.+ Co Wan + Ca Wsi 
= 3.0 + (0.60()10.75()2( + )0.72( )10.22() 29 ( 
= 26.16 kN\m 


We =0.W.+ Ce Wan + Ce Ws; ف‎ 


3.0 + (0.78) (10.75(2) + (0.89) (10.22(2) 
= $2.45 kN\m 
2- Using the limit state design method (L.S.D.M.) , design the critical sections For the 
Beam (B) to satisfy the internal Forces requirements and then draw its details 
of reinforcement in elevation to scale 1:50 and cross sections to scale 1:25 


Imperical curtailment of bars is required. 


We = 32.45 1.5 =48.67 kN\m’ 


سوم لوی لوی اا 


1س رس 121.7 2 
wl _ 2 101.4 1-4‏ 
24 
L ` 76.0‏ 
سے سے طط 07 


121.7 kN.m R-—Sec. 


Sec. Mur. 


Sec.@ Mu.lL.= 101.4 kN.m L-Sec. 


“Mr.<2MR .. Design R-Sec. First. 
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Sec. OD M,,= 121.7 kN.m see N 
C, = 3.50 


- Take C, between ک0‎ 4.0( 
- From charts = 3.50 ل ج‎ == 8 


- Get d =C, Murs. 50 EARL — 488.4 mm 
25 + 250 


- Take d = 500mm d = 500mm t= 550mm = 60 t= 550mm 


121.7 
_Mur _ وووم_ - 10ء‎ n 


SS = سے س‎ 
0.78+*360 * 488.4 
JF, d 


Check A ق‎ As = 887.4 ا‎ 
a e red. 


Fez) ù a = (o.225 » E) 250 +500 = 390.6 mm 
F 360 


Hin b d= (0.225 + 
y 
e e en ك‎ 2 
As <> Aim d ..Take As=4= 887.4 mm 5 #16 


„ n 0-25 _ 250-25 - 6.48 = 5.0 bars 
0+25 16+25 


Sec. @ M,y,= 101.4 kN.m R-see N 


Take d = 0.50 m ( The same d of Sec. O) 
6 
° ad =C, Mus. ° 350 =C, _101.4*10 ل ج 3.92 = € ج‎ >= 1 
| Fou b | 25 * 250 


6 
ا 703.8 — 10* 101.4 
500 * 360 * 0.801 


A e 
J Fyd 


Design & RFT.of Frames 
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Check A i A = 703.3 ا‎ 


req 


VFeu (26 _ 2 
nin. b d= (0.225 ع‎ ( bd = (0.225 ) 250 «500 = 390.6 mm 


As, > Meh d Take As= As = 703.3 mm 4 $16 


Sec. ® My, = 50.7 EN.m R-Sec. 


Take d= 0.50 m (The same Û of Sec. ®) 


d =c, '. 350 = C, 50.7 »10° = 5.55 ل ج‎ = 6 
e 1 | 26 260 


کہ ٥ہو‏ - 52۰10 __ ے عسل ےی .. 
500 * 360 » 0.826 
J F,d‏ 


2 
Check Asan A, =341.0 mm 
ڪڪ‎ reg. 
2 


Hin bd= (0.225 Fe) d= (0.25 . ا‎ ( 20 + 500 = 390.6 mm 
Fy 
rnin. b d <4 2 
= = (0.225.25 ) 260 »500 = 390.6 " الأقل‎ 


= 390.6 mnî 


1. 3 As, „= 1.3 341.0 = 443.3 mm 
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Sec. O My, = 101.4kN.m  L-Sec. 


Take d = 0.50 m (The same Û of Sec. ®) 


C.L.—C.L.= 2.0m = 2000 mm 


B= 46 tg+D = 6 «150+250=1150mm B = 650 mm 


K+ D — 0.8 » 000 +250 = 650 mm 


M 6 
۰ d = UL. 500 = 101.410 > C, = 6.33 لج‎ = 0.826 
Feu B 25 * 650 


: M : 
. دو‎ EE A_O ES mM 
J Fy d 0.826 * 360 »* 500 
2 
Check As, A şg =682 mm 
——— reg. 
VFeu 25 8 
Hap, b d= (0.225 F7 ) bd = (0.225 « e ) 250 *500 = 390.6 mm 
2 
As, > Hn A ..Take As= As = 682 mm (A $16 
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Sec. ® M y= 76.0 kN.m Fee. 


Take d = 0.50 m (The same Û of Sec. ®) 


C.L.—C.L.= 2.0m = 2000 mm 


B= 46 tg+D = 6 »150+250=1150mm B = 600 mm 


K+ Db — 0.7 » 000 +250 = 600 mm 


M 6 
. d=, VELL O, EEE a; 70 ل ج‎ = 6 
Feu B 25 * 600 


“A۸ Mu.L. 76.0 »10° 
s 


2 
سے ا‎ __. ~~ 511.1 mm 
J Fy 0 0.826 * 360 * 500 


Check As, ۴ ET mm 
ہے‎ reg. 


F 


Aş, > Hund Û Take As= As = 511.1 mê G $16 
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Hr; b d= (0.225 7) ù dı = (0226. E ) 250 +500 = 390.6 mm 
y 


RFT. of Beam B 


Sec. (3-3) Sec. (1-1) Sec. (2-2) 
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3- Draw the N.F.D. , S.F.D. & B.M.D. For the intermediate Frame (F) . 
Using the gwen working loads. 


100 kN 170 kN 


28.5 RN | 
/m 160 kN 


: Oy 
<R 160 kKN  8OKRN 


6O RN 


ا 
4 
: 
ِا 


2 
7.OkN/m 


2 
چ‎ i 

ووو واوو 0ور 0 ل 
KN 4654.09 kN‏ 557.04 
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146.25 
120 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. P N 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) age No. 191 


4- Design the critical sections of Frame (F) 


to satisfy the internal Forces requirements using (L. S.D.M. .( 
Take D=350mm 


Sec. D M=s982.38 kN.m , R-Sec. 


8 حل ج 3.50= وC Take‏ 


982.38 «10° 
a GE cool. 
25 * 350 


Take , Î = 1300 mm 


Murr. 982.38 «10°‏ ان 
ڪڪ چڪ ج _———— = e® 9g‏ 
1172.7 * 360 * 0.780 0 ر J‏ 


Check As, 


= 1172.7 mm 


— 2983.2 mnê 


2 
A, =2983.2 mr 
reg. 


Hin bd= (0.225 Fe) d= (0.225 . 6 ) 350 *1200 1312.5 mnî 
Fy 360 


2 
0 As > Hy} d ..Take و‎ 8 2983.2 mm ( 8 م‎ 22 


bars‏ 6.0 = 6.91 _ 350-259 کے ٠‏ کک نے 
P+ 25 22 + 25‏ 


Sec. ® M=394.87 kN.m , T-Sec. 1 ۱ 


Cd = 1200 mm ( the same depth of sec. @ ) 


سام 
رو C.L.-C.L.= 5.0 m = 5000 mm‏ 
B= 4 16 lg+b = 16 «150 + 350= 2750 mm‏ 


K+ Db — 0.7 « 9590 + 860 =1692.6 mm 
5 B=1692.6 mm 
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6 
۰ d=, || .. r200 =, ° 0C, = 12.42 آل‎ = 6 
25 «1692.6 
6 
394.8710 
0 A Mu. ڪڪ‎ E جخ‎ 1 106.6 e 


` JF,d 0.826» 360 * 1200 
2 
Check A8: Ag, =1106.6 mm 


req. 


Hnin. b ا ۰ .)د‎ ( b d = (0.225. JÊ. ) 350 «1200 =1312.5 mr 
Fy 360 


Mn: bd > As, ا‎ Asmin 


A = (0. RE 3501200 =1312.5 mnî e 
8 (0.226 2 ( ا‎ 


min. 
=363.3mmr (U $ 22 
Stirrup Hangers = (0.1+ 0.2) Ag = (0.1> 0.2) 1283.3 


Sec. ® M = 332.82 kN.m , P = 131.8 EN , D= 350 mm 


1.3 As,,q. = 1.3* 1106.6 = 1438.6 mm 


dd = 1200 mm ( the same depth of Sec. (@) ) 


P 131.8 «103 
کے کے‎ ` OY 0.04 (Neaglect P 
CRs Fo, Dt 253501300 < (Neg ) 


The sec. will be R—sec. 1 


6 

6 = ل ج 6.15= ,€ ج ,= 1200 *. ر UY‏ 

a * 

6 
۰ 332.82 *10 
“A= Mu.r. ك سے‎ = 9.7 mnt 
J Fyd 0.826 * 360 * 1200 
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Check A O A چ‎ = 92.7 E 


req 
nin. b d= (0.225 Fe ) d = (0.226. JÊ) 350 «1200 =1312.5 mm 
Fy 360 


Min bd >45, LR Asin 


25 ۶٨ قا‎ 
Aş = (226. JÊ ) 350 »1200=1312.5m الأقل أ‎ 


1212.5 mm GHD 


Sec. © M= 332.82 EN.m , D = 850 mm 
Take Cy =3.50 +> J >-8 


6 
d= 3.5 e = 682.6 mm 
25 * 350 


d=700mm| , jt = 750mm 


6 

332.82 

u = O = 1786.4 E‏ ے4„ 
J F, dı 0.780 * 360 * 682.6‏ 


1.3 As, aq, = 1.3* 932.7 = 1212.5 mî 


Check As, A 8, 174 Î 


Hnen. b d= (0.225 ۷#) ù a = (0.226. JÊ.) 3501200 =1312.5 mm 
Y 360 


F 
0 As > Hin b d “ Take PYF = 1736.4 n 
reg. red. 
30 = 375 mm 
acti _ 5000 
= tb e 7 416.6  ( Y= 450 mm 
t-Me - 750 - 200 = - 83.3 mm 
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Sec. © R-Sec. M= 982.38 kN.m , P = 579.81 EN 


dl 982.38 «10° 
o = 3.5 6ا‎ „gy = 1172.7 mm (as R-Sec. ) 


d= (1.1¬+>1.3( d, = )1.1+1.3( )1172.7 ( = )1290 > 1524 ( mm 


3 
P 579.81 <×10 9 
.کا کے گے‎ -~-. 7 0.04 Don t neglect P 
Check Fo, l(t 25350 1400 > ( ) 


„. Design the Sec. on both N.F. & B.M. 


982.38 e 1.69 Use 
= 1,69 ۳ سے کے ,ر‎ == 0 .5 >y € 
579.81 ئ‎ 1.40 <> 5 . 


-M_ 
8 


Ceg=e+k-C ت‎ 1.69 + 0 -0.10 = 2.29 m 


Mg= P<C€g = 579.81 2.29 = 1327.76 kN.m 


6 
7 = لل ج 3.28 رع _ 10 8 || ,م = 1800 .“ 
350 * 25 


A Ms Pu. 
J ۴y d (E\ös) 
1327.76 «*10° 579.81 «*103 


2 
0.77 »* 360 +1300 )360\1.15( 


Check As. As =1832.3 mrî 


req 


Hr. b d= (0.226 ™) o a - (0.226 « J5. ) 350 » 1200 =1312.5 mm 
Fy 360 


As > Minh d .:.Take As=A4s e mt 
reg. اف‎ 
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Sec. © M = 146.82 kN.m , D = 3850 mm R—sec. 


Take €, =3.50 +> J=0.8 


6 
d= 3.5 e — 453.37 mm 
25 * 350 
d=500mm| , | = 550mm 


6 
M 146.82 «10 
a E a O 
J Fy, d 0.780 « 360 * 453.37? 


2 
Check As, As, y= 1153.2 mm 


Hin. b d= (0.225 Fe) d= (0.225 . A6 ) 350 +1200 =1312.5 mm 
Fy 360 


2 
: As > Hm} d .:.Take A-4 = 1153.2 mm (4 P22 


t 550 


_ _ 5000 ى‎ 
Y_ ty = SPeoing. _ 5000 = 416.6 Y= 450 mm 


حح ججج ج ججج ج ج ج ص ج ص ڪڪ ص ي 
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Sec. @ 


فخ آذ ذا | ذ Link member‏ 
لن نستطيع ا ا 


لان العمود خر Roller‏ 
⁄ 


لانه فی هذه الحاله اذا وجدت أى HL. L0»d‏ 
لن یوجد أی عمود یستطیع مقاومتھا ای یکوù Unstable Frame‏ 


لذا سنأخذ هذا العمود ----_ 
لتحمل القوى الافقيه اذا حدثت . Stable‏ 


P—- 681.13 KN , D=- 350 mm 


Û = 1300 mm (the same depth of the beam ) 
. For. = 0.35 Aco Fou + 0.67 As F, 
.. 681.13*10 = 0.36 )350+1300( )25(+ 0.67 4 چ‎ )360( 
و‎ Ag= — 13682 mnî = (Ve) Value 


2 0.8 ت 
0 = 1300 ٭350 ٭ کے س = و 
Sr otal n 100‏ 


.“. و4‎ =4 = A s min E e RD 
2 2 
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Check Shear. 


— Allowable shear stress. 


Fou / 25 2 
 ¶ = 4 = 0.24 \ r = 0.98 N\mm 


Cc 


-Qq =0? u = 0.7 \ | = 2.85 Mmm 
: ۰ 


Sec. (D Q= 429.8 kN 


3 
Q_ _ _ 429.8 «10 08 Mmm 


. Actual shear stress. = y= 
bd 350*1200 
*“ doy<Iu < Tyra, ** Fe need Stirrups more Than 5 $8 \mê 


. dı, nAs(R\ss) 
. U QQ, dou” SN e 
se dg-=Qu EE 
*« Take Nn =2 , 48 > As = 50.3 mm 


0.98 _ 2 » 50.3 )24011.15( 
1.02 - کک‎ — > S=113.1 mm 100 mm .°.0.K. 
٤ 350 * S ح‎ 


.. No. of stirrups\m _ 1000 _ 1000 _g۾4a4‎ =0 


.. Use Stirrups | 9%8\m| 2 branches 


Sec. © Q- 263.67 EN 


3 
.. Actual shear stress.= Jy = _Q _ 263.67 10 


bd 350+» 1200 


“ dy < dou, > Use min. stirrups [5 $8 \mc) 2 branches 


Sec. ® Q= 120 RN 


= 0.627 N\mm 


¥ _ |0.45 
°. Actual shear stress. = 0.75 
qy __@_ _ M tan a 
bd b dً 
3 
120.0«10 _ ZERO =0.857 N\mmî 
350 * 400 


“ dy < Qouu— Use min. stirrups | 58 \ mm: 


ج ج ج ج جج ضضض ج ص ص ڪڪ يڪ 
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—ا0.65|= 


0.325 0.325 


0 
3 
حا 
ګ 
8 
o‏ 
0m‏ 
: 
6 
|e‏ 5 
© 
5 
ا 
2ا 
8 
o‏ 
© © 
ا 
© 
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50 and 


5- Draw details of reinforcement For Frame (F) in elevation to scale 1 


© | 


RPA IIIIII fF 
e Ti! 
N MP 

N ت‎ 


R.F.T. of the Frame. 


O (NN 
ا‎ 
9 


ے ا 


0 


ااال 


0 9 


® 
9 
1LL 
® 


ا11 
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N © 2 
N KT 
&| & 

wR 


ر 
u at‏ 
al?‏ ه 
RR‏ یڑ © 
= 7 ^ 
21% -~™ ج 
243 ا ا 
© 
EA‏ 
و © © © N‏ 
کے & & &K‏ 
LRN RR‏ 
2 
o ËU N‏ 
& 3 ت 
n YY 3‏ 
6ا 
IE‏ : 
SS‏ اا 
0 ۰ 
n‏ 
ا 8 uj o oe e 8R‏ 
a| & & & &‏ 
N RNN RN FT‏ 


0.35 
Sec. (2-2) 


1.40 
111713 ٠ 
l0 N N N N 
N —- ~- ~ 8 
Gg B&B 8 8 8 
0 N N N N N 

Sec. (5-5) 


۳ حر 
— 
o‏ ج ف 
û‏ © 
0 
n‏ 
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Example. 


The reinforced concrete hall, Whose cross-section is shown in Fig. (1), Consists of a system of solid 
slabs and secondary beams supported on successive Frame (F) spaced at 6.0 m. It i8 required to: 


C— Draw the N.F.D , S.F.D & B.M.D For the intermediate Frame (F) 
using the given working total loads. 

b - Design the critical sections of Frame (F) to satisfy the internal Forces requirements, using the limit 
state design method (LSDM) 


C - Draw the details of reinforcement For intermediate Frame (F) in elevation to scale 1:50 and cross 
sections to scale 1:25 . Curtailment of bars using the moment of resistance diagram is required. 


Data: 
. Concrete characteristic strength Fo, = 30 N/mm 


. Steel used is St. 400/600 
. b= 400 mm (Frame) 


1 ڪڪ‎ ZZ 2222222222222222 


2 کے 


مووا وو اوو او ب 
180kN 105kN‏ 
N/m‏ 45.0 


8ORN 155 46 8OkRN 


Figure (1) 


وا ووا وي ا وو اق وای 
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CO - Draw the N.F.D , S.F.D & B.M.D For the intermediate Frame (F) 
using the given working total loads. 


828.9 kN 730.54 kN 
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16532.33 


828.9 


828.9 
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1243.35 


1243.35 
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b - Design the critical sections of Frame (F) to satisfy the internal Forces requirements, 
using the limit state design method (LSDM) 


Sec. Mu.L.= 1226.31 kN.m R-Sec. i 


Sec.@ Mu.lL.= 2298.5 kN.m T-Sec. 
“Mr< 2MrR ». Design R—Sec. First. 


Sec. DO M=1226.31 kN.m , P =604.86 KN, D =400 mm 


d 1226.3110 ° o ik a 
کم‎ 35 e . 86 mm (as Sec.) 


d= )1.1¬+1.3( d, = )1.1+1.3( )1118.86( = (1230.74—¬+ 1454.5) mm 


Take d=1300mm, t= 1300 +100 =1400 mm 


3 
Check yÊ = 604.86*10 0.036 < 0.04 “. (neglect P) 


Fo, Dt 30» 400+ 1400 


“ Take d ت‎ d, = 1118.86 mm “Take , | t=1300 mm 


Mu... 1226.31»10° 


° A S ڪڪ س ص ڪڪ س‎ 
0.780 * 400 *1118.86 
J Fy d * * 


— 3512.9 mrê 


Check A Smin. As = 3512.9 ê 


req 
Hin b d= (0.225۰ Vee) bd = (0.225 « J30 ) 400*1200 =1478 mm 
Fy 400 


2 
.“ 4< Hin d :.Take A= 4= 3512.9 mm 8% 25 


„„ pn 0-25 _ 400-25 _ 7.60 = 7.0 bars 
4+25 25+5 
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Sec. ® M =2298.5 kKN.m , P =241.33 kN, Db =400 mm 
Take d=1.20m ( The same Û of Sec. ®) 


P 241.33103 
4 _ ا 0 ے‎ - 4 0.04 . (nmnealect P 
Check Fo, Dt 30*400*1300 < (neg ) 


Designed as T—fS'ec. 1 هوي‎ 


7 
C.L.— C.L.= Spacing = 6.0m =6000 mm 
B= 4 16 s+ = 16 +180 + 400= 3280mm * |B = 3110 mm 


KZ+b— 0.8 « 16940 + 400 =3110mm 


5 
6 
۰ ل‎ =, || ٠ 1200 = C, e ل >-7.64= ,€ ج‎ == 6 
FuB 30* 3110 
6 
“A۸ Mu. _ 2298.510 0 


` JF,d 0.826» 400 * 1200 


Check A8,in Ags _=5797.2 mm 
reg. 


Hin. b d= (0.225 Feu) bd = (0.225 « 30 ) 400 «1200 =1478 mM 
Fy 400 


“As >My, d :.Take As- Ags = 5797.2 mê 
red. reg. 


Sec. ® R—Sec. M= 965.31 kN.m , P = 1243.35 kN 


d 965.31 «10° 
ه0‎ 35 0 992.7 mm (as R-—Sec. ) 


= (1.3ج1.1)‎ û, = (1.3ج1.1)‎ )992.7( = )1092 > 1290.5 (mm 


“ Take |d =1100mmj, jt =1200 mm 
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3 
P 1243.35 «10 
گے‎ ۲ 6 0.04 (Don’t neglect P 
Check F bt 30.400» 1200 > ( ) 


„. Design the Sec. on both N.F.& B.M. 


Use‏ 0.64 کے 7 _ € ° 7 = 965.31 ا ے 
E t 1.20 > 0.5 €‏ 1243.35 ۳ ۴ 


e = €+ -C = 0.77 + 120 0.10 = 1.27 m 


Mg= P< Cg = 1243.35 * 1.27 = 1579.0 kN.m 


579.0«10°6 
7 ل جد 3.08= ,€ + م C,‏ = ۰.1100 
+ 


_ _Ms _ Pun 
S ج‎ 
JFyd (R\5s) 
1579.0 *10° 1243.351035 


2 
= _ —_. ~ 1229 mM 
0.747 » 400 * 1100 )400 \1.15( 


Check A Smin. A و‎ =9 mm 


reg. 
Hin. b d= (0.225 Fe) d = (0.225 « 30 ) 400 «1100 =1355.6 mm 
Fy 400 


nin. b d >4 LL e. EE 


۷ 2 
As * (o.225« 3®. ) 400۰1100 1355.6 mm الأقل‎ 
min. 400 
1.3 As, aq, = 1.3*1229 = 1597.7 mrî = 1399.6 mmr 
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Sec. @ R—-Sec. M= 965.31 kN.m , P= 714.81 kN 


d 965.31 «10° 
o = 35 g0» 00g = 992.7 nm (as R-Sec. ) 


d= (1.8ج1.1) = ر (1.3>ج1.1)‎ )992.7 ( = )1092 > 1290.5 ( mm 


“ Take jd =1100 mnj, jt =1200 mm 


P 714.81 «1 
ے‎ 1101 ۳ - 0.09 0.04 Don t nealect P 
Check F,, Dt 30» 4001200 > ( ۴ ) 


Design the Sec. on both N.F.& B.M. 


e M~ 1 
4 - 


e _.5 Use 
= 1.35 ۳ کے ,٭.‎ = 1.12 0.5 = € 
714.81 t > 


1.20 
€ =€e+-C= 1.35 + 120 0.10 = 1.85 m 


Mg= P<C€g= 714.81 «1.85 = 1322.4 kN.m 


6 
09> ل >-3.31= ,€ + عل C,‏ = 1100 .“ 
+ 


A6 Ms _ Pur. 
JFyd (R\Ss) 
1322.4 «10° 714.81 »103 


2 
= -———- ~1852 Mm 
0.769 » 400» 1100 400 \1.15( 


Check As, 


Hrnin. b d= (0.225 Fee) d= (0.225 « 30 ) 400 «1100 =1 355.6 mm 
Fy 400 


As > Hy d :.Take As- As = 1853.2 mr? (GQ $ 25 
reg. reg. 
Stirrup Hangers = 0.4 Ag = 0.4» 1853.2=741 mm“ 
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A, =1853.2 mm 
reg. 


Sec. ® R-Sec. = 1226.31 kN.m , P = 1008.0 kN 
Take d=1.10m (The same Û of Sec. @) 


3 
P 1008.0 «10 : 
= = 0.0 0.04 (Dont neglect P 
F,, bt 30+» 400+ 1200 > ( 9 ) 


Check 


„„, Design the Sec. on both N.F.& B.M. 


M 1226.31 e 1.21 Use 
E = 1.21 سے کے گے ہے‎ 0 0.5 84 
P 1008.0 t 1.20 > E 


Cs =€ + E -C = 1.21 + E 0.10 = 1.71 m 


Mg= P«€es= 1008.0 «1.71 = 1723.7 kN.m 


6 
4 = ل ج 2.90 = ,€ ج ٥‏ ,= 1100 .“ 


Ms _ Pur‏ وا 
JFyd (E\ös)‏ 
103» 1008.0 10°« 1723.7 
mm‏ 2489.2 ے ٠‏ ا ا 
)1.15\ 400( 1100 * 400 *» 0.734 
ا 249.2 = ۴ Check As,‏ 


req 


Hnin b d= (0.225 Fee) ù a - (0.225 » ®) 400 «1100 =1355.6 mm 
Fy 400 


“As > Hy, d :.Take As=- As = 2439.2 mrî 
reg. reg. 
Stirrup Hangers = 0.4 Ag = 0.4» 2439.2 =975.68 mm® 
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Sec. © M=261 kKN.m , b =400mm R-Sec. U 


d 261 «10° 
جد‎ 0 3000 — 516.1 mm 


“ Take |d =550 mm , jt =600 mm 


A Mor. 261 * 10° 
“® a 


mm‏ 1621~ ا 
J Fy d 0.78 »* 400 * 516.1‏ 

Check As, i. Be 

TT o ve reg. 


Hin. b d= (0.225 * e) bd = (0.225 « 30 ) 400 »550 =677.8 mm 
Fy 400 


Aş, > Mh d Take As= As = 1621 mr @ $25 
Take Y=0.40 mm obo a. 
60 


Check Shear. 


— Allowable shear stress. 


IT 30 2 
=0. 0 = 0. — ~7 
- پ9‎ == 4 5 0.24 \| T5 N\mm 


/۴ کک‎ 2 
- 7 E = 0.7 gg = 3.13 Nm 


Sec. O Q= 670.08 kN 


8 
. Actual shear stress. = qy = QQ _ 670.08 * 0 


2 
= 1.39 N\mm 
b d 400 »* 1200 
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“ doy<Iu< mag. °“ Fe need Stirrups more Than § Q8\™ 
° Use ds-Qy - _ rAs(F\ 5s) 

b S 
+* Take Nn =2 , $ 8 > As = 50.3 mm 


1.39 - 07 _ 2 «* 50.3 )240\1.15( 


—, S=61.3 mm < 100mm 
400 +S 


* Take Nn =2 , $ 10 > As = 78.5 mnî 


1.39 - 107 _ 2 * 78.5 )240\1.15( 


—, S=95.8 mm <100mm 
400 +S 


* Take Nn =4, $8 ج‎ As = 78.5 mnî 


1.39 - 07 4» 50.3 (24011.16) 
400 * S' 


. No. of stirrups\m’ _ 1000 _ _ _- 0 


. Use Stirrups j9¢8\mj 4 branches 
Sec. © Q= 657.31 EN 


— gg S=122.8mm> 100mm <. 0.k. 


.. Actual shear stress. کر ت‎ Q 557.31 » 10” = 1.16 N\mm 
bd 400 «»1200 
“ doy<Iu< nag. * Fe need Stirrups more Than 5 Q8 \m™ 


2 b S 
* Take MN =2 ج 8ض ڪ,‎ 4s = 60.3 mm 


1.16 - 107 _ 2 * 50.3 )240\1.15( 
400 +S 


.“ Use dgs-Qy - dow _ RAs(FA\ 5s) 


—, S=83.97 mm < 100mm 
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¥* Take n =2 , $ 10 —> As = 78.5 mnî 


1.39 - LOT _ 2» 78.5 (2401.167 06 (o\1.18) __g S=131.0 mm > 100mm <. 0.k. 


.. No. of stirrups\m* 1000 _ _1000 _ 7.63 =8.0 
S 131.0 


. Use Stirrups |8 $ 10\ nt} 2 branches 


Sec. ® Q= 120.0 kN 


! | 400 

.*. Actual shear stress.= 

dy= Q _ MtarP 

bd bd 
3 

_ 120.0« 10 _ ZERO =0.857? N\mmî 

400«* 350 
و‎ dy< IF —— > Use mim. stirrups 5Q8\m: 
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اا 
0.40 
Sec. (6-6)‏ 


او ا 
o‏ 
Ga 2‏ 
ala‏ 
ها 2%43 
ala‏ 
n‏ 
Geng‏ 
حح 
چ 
حا 
Gada‏ 
e‏ 
3 #2 
¥ 2%43 
alae‏ 
n‏ 
Gap‏ 
حح 
ا 
© 
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1.20 [7 20 


Sec. (3-3) 


0.40 
Sec. (2-2) 
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Example. 


Fig.1A4 shows a schematic elevation of a main Frame of a roadway concrete bridge. For the given 

geometrical and loading conditions. It is required to : 

1- Draw a sectional elevation showing the concrete dimensions of different structural 
elements mcluding the Foundation taking into consideration that the Frame are spaced 
by 6.0 meters 

2- Draw the B.M.D.,N.F.D. & S.F.D. For the main Frame using the given service (working) 


loads in Fig. 1B 
3- Design the different concrete sections of the main Frame using ultimate limit design 


method 
4- Check shear For the horizontal girder only using ultimate limit design method 


5- Draw a sectional elevation (Scale 1:50) and cross sections (Scale 1:25) showing the 
reinforcement details of the main Frame using the moment of resistance. 
Concrete Grade. C35 F.„= 35 MPa 
Steel Grade: st. 52 F, = 360 MPa 


width of Frame = 400 m 


سو ولو لو لول B60‏ 
25.0 


150 kN 300 kN 300 kN 300 kN 300 kN 150 kN 


1 
58.7 kN 


„1426 


1566.3 kN 1566.3 kN 


و بو اوو اوا و 
25.0 
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1 Draw a sectional elevation showing the concrete dimensions of different structural 


Question (1) 


elements including the Foundation taking into consideration that the Frame are spaced 


by 6.0 meters 


— 0.50 m 


lab 


لس 0 6g.‏ دل 0, 6gلالس‏ 6.0 ل0 .6 ل0 6g,‏ اا 


25.0 


l L_ _ 25.0 _ (1.78 2.08)m =2.0 m 


Design & RFT.of Frames 
Page No. 220 


rame ` 12+14  12¬14 


Piet = 1.0 m‏ ت 
2 


bret = a ا‎ 
t _ spacing 6.0 _ 
secondary Beams 12 12 
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I.F.D. (working) 


2620 2838.76 2620 


B.M.D. 
(working) 
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4 -Design the critical sections of the Frame For Bending and shear. 


Sec.®© Mu.l.= 4258.1 kN.m T-Sec. 8 


Sec. @ Mu.L.= 1997.2 kN.m R-Sec. 


“ Mr> 2MR <. Design T-Sec. First. 


Sec. (0D M=42658.1 kN.m , P—=2139 kN, Db =400mm 


d 4258.110 1930.2 R-S 
= 5 TET TEE .2mm (as ec.) 


d= (1.1¬+1.8( d, = (1.1¬+1.3( )1930.2( = )2123.2 > 2509.2) mm 


Take [= 2200 +100 =2300mm 


P 2139 +* 10° 0.066 0.04 .“ (D 
4  _ ے‎ __ 0 ۳ 0. “ ont neglect P 
Check Fo bi 35+400» 2300 > ( ) 


.. Design the Sec. on both N.F. & B.M. 


M 4258.1 
O0 ګګ‎ = 
P 2139 


Sm = = 0.86 < 0.5 8, e, 


e =e+l-C = 2.0 + £30 0.10 = 3.05 m 


Mg, P«C€g= 2139 »« 3.05 = 6523.9 kN.m 


6 
-ı- 2‏ ل ج-83.22= ,€ چ 0 ,= 2200 .. 


Ms Pur 
JFyd (Fy\ös) 


S 
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6 3 
: 6523.9 *10 2139 »*10 
e® A S سے‎ ۹ E — ے ا ا‎ 3977. Fm 
0.762 * 360* 2200 (360\1.15( 


Check Asmin As = 3977.1 N 


red. 


8) bd = (0.225 ۰ 8 -( 400 «2200 =3253.8 mm 


As „> Hin „Take Ag= 4. > 1 mr (O B25 


.. pn 0-25 _ 400-25 - 7.60 = 7.0 bars 
0+25 25+5 


Sec. @ M= 945 kN..m , P—=2139 EN + Db 400 mm 
dd = 2200 mm ( the same depth of sec. () ) 


P 2139 10° 
کے‎ 2_868 0.04 .“. (Don,t lect P 
Check F bt 35.400» 2300 > (PORE aglet FP) 
„ Design the Sec. on both N.F. & B.M. 


M945 _ 
€= 5-= ggg _ = 0.44 m 


€ Use 

„ ٤= - 019 >05 8, [.D. 
tt 2.3 < 

“ Use Interaction Diagram 


= 2300 - 0 — 0.90 use 


00 use, ECCS Design Aids Page 4-23 
Py _ 2139 10 ت‎ 

EF, bt 35400:2800 Pz. o Take P=1.0 
M 945 »10 <1. 

Mu _ _ 94 *10 00127 


Fub t”  835400»2300 
|= P*E,*10 =1.0*35*10 = 3.5*10 


As = Ag = [x Dx = 3.510 * 400*2300 = 3220 mnê 
— Check Aspin. 


— 0.8 «b«t— 0.8 «400*2300 = 7360 mn 
00 100 
. ASrota < ASrnin 


. take Ags - A: e E 3680 mnê 
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2 
Aspro = A4s+ As =2 » 3220= 6440 mrt 


Sec.® M - 1997.2 kN.m , Db = 400 mm 
dd = 2200 mm ( the same depth of Sec. ®) 


6 
6 د ل جد 5.82 = ,€ ج 0ء 2 =C,‏ 2200 .. 


6 
ووورو 1997.2۰10 __ ے سے ے4 .ہ 


J Fy d 0.826 * 360 *2200 


2 
min. A s2 3052.9 mm 


Mnen. b d= (0.225 Fe) gq = (0.225 « JS. ) 400 «2200 =3253.8 mm 
Fy 360 
0 ٣ min. Db d > A e Use Asin 


¥35) 400 «2200 = 3253.8 mnê 
As (0.225٠ ک2‎ ( ۰ mre الأقل ا‎ 


= 3253.8 mrê 


1.3 As, .q. = 1.3* 3052.9 = 3968.8 mm 


Sec. ® R-Sec. M=1052.2 kN.m , P = 3173.7 kN 


6 
d 1052.2 «10 3 
o = 8.5 ll gg „400 = 959.5 mm (as R-Sec.) 


d= ر (1.8ج1.1)‎ = )1.1+1.3( )959.5( = )1055.4 ¬+ 1247.38) mm 
*“ Take و‎ | =1200+ 100 =1300 


° | TG) < 0.8 (Beam) Take, (column) چ‎ (Beam) = 2300 mm 


P 3173.7 «103 1 
4 ے‎ ء١1‎ ~N 8 0.04 .“ (Don’t neglect P 
Check F,„, Dt 35« 400» 2300 > ( ) 


., Design the Sec. on both N.F. & B.M. 
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1.D. 


وک 


4 2 . € _ 0. ۴ Use 
C= -= ggg = 0.8m E 0.14 < 0.5 
® Use Interaction Diagram 


4 a. = 0.90 Use, ECCS Design Aids Page 4—23 


Py 3173.7 «10 


FE, bt 354002300 e 


Take 
6 P<1.0 Tak P=1.0 


Fub tt” 35400» 2300 


[|= P+F.,*10 =1.0*35*10 = 3.5*10 


As -Ag= Mx» Dx» = 3.510% 400*2300 = 3220 mnê 


2 
— Check As nin= 0.6 «bt = 4 +400 *2300 = 7360 mm 


ر 
Asrgqy = As+ AF =2» 3220-6440 mrî .. Asrot < AS min‏ 


. take As = As n 80 ~ 0 mnê 


Check Shear. 


— Allowable shear stress. 


Fa VEE 

6ے — .0 0 .0= 

- پ9‎ == 4 5 0.24 15 N\mm 
[F, 35 ٠ 


Sec. OD Q= 1237.5 EN 


3 
.*. Actual shear stress. = d; = Ka = LL = 1.40 Nmm 
bd 400 »2200 
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“ Ty<Iyu< mag. ** Fe need Stirrups more Than 5 Q8 \m 
q n As(F\ Ss) 
° [J ت‎ E TEE 
se ds 5€ 
+* Take Nn =2 , $ 8 > As = 50.3 mm 


1.40 8 2 3 24011.16) __ , S-636 mm < 100mm 


400 » S 
x Take Nn =2 , $ 10 >ج—‎ As = 78.5 mnî 


1.40 5 2+ 5 24011.15) __, S-100 mm - o.k. 
400 +S 


.'. No. of stirrups\m* _ 1000 _ _1000 _ 10 
9S 100 


.. Use Stirrups |10¢10\ nij 2 branches 


Sec. ® Q= 136.9 KN 
| | 1.165 
.*. Actual shear stress. = 
Q Mt 
dy __&_ _ HM tarP 


bd bd 
3 
_ 136.910 _ ZERO =0.32 N\mmî 
400+» 1050 


“. Ty < u, ج‎ Use min. stirrups [5 $G8\m: 
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سے 


Teer a1328 ifr rop f ero Ife j7 


awoltd 2U Jo ‘LAY 


4 


¥2 


2300 2300 


ERED 

RRRRR R&R & 

QD NNNNNNNN ® 

FTI 180 
2300 

آ 

uu‏ مg0ے‏ ااا 

Sec. (4-4) 
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Example. 


Question (1) 


Fig.(1) shows a sectional elevation, statical system and load diagram For a reinforced 
concrete stadium ring Frame. The ring stadium is covered by reinforced concrete slabs 
supported by a system of secondary beams and Frames (F), spaced at 6.0 m. 

For an intermediate panel, It is required to : 

1- Without any calculation but with reasonably assumed concrete dimensions, draw sectional 
For the ring Frame, Showing the dimensions of all concrete elements. to scale 1:50 
2-Draw B.M.D., N.F.D.& S.F.D. For case of total load only of an intermediate Frame (F) 

Usmyg the gwen Ultimate limit loads. 
3- Design the critical sections For the intermediate Frame (F), to satisfy both bending moment 


and normal Forces. 
4- Design the critical sections For the intermediate Frame (F), to satisfy the shearing Force. 


5- Usmg the moment of resistance principle. draw the details of reinforcement For the 
Frame in elevation (scale 1:50) and cross sections (scale 1:20) 
Data: 
Ûs =140 mm , Spacing = 6.0m 
D (beam) = 250 mm s D (Frame ) = 400 mn 


Concrete Grade. C30 Fo, = 30 MPa 


Steel Grade: st. 52 FE, =360 MPa 
|) =—-6.0س—‎ ~~ 4.50¬-“ 4.50 ¬ 


g=30 N/m P=15 EN/m 


7-6.0 =~“ 4.50“ “4.50 = G=35 kN 
P= 15 N 


G= 30 EN 


=20 N/m P=10N/m “©2 


ہ1 


. لس )7650(0 ااا 
Figure (1) 1.6Y, Y,‏ 
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Question (1) 


1— Fithout any calculation but with reasonably assumed concrete dimensions, draw sectional 
For the ring Frame, Shouing the dimensions of all concrete elements. to scale 1:50 


Rn e n 2 as mas O as 


L756 


= د ت‎ 0. 75 147 
10 1 10 1 
L 9.0 
Coin = کے“ = سے‎ = 1.80™m ۾‎ CF ت‎ ls 1.80 m 
bo1 0.9 
وق 2 ےک و‎ mم‎ 
col. 2 2 
t _ spacing _ 6.0 — 0.50m 
ا‎ 12 12 
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2-Draw B.M.D., N.F.D.& S.F.D. For case of total load only of an intermediate Frame (F) 


Using the gwen Ultimate Umit loads. 
4.50 4.50 
۳-6.0 


45 kN/m 


SOkN 


2>, Ma= Zero 
45 (15) (7.5) +30 (9) (4.5) + 80 (4.5) + 65 (4.5) +95 (9) + 20 (7.5) (11.25) 


+55 (15) ¬ (1.6 Yı) (15) - (YF) (7.5) = Zero IY, =326.9 kN 
3 Y-Zero |Y2=630.06 kN 


|] 6.0 =4 4.500-4.550 م‎ 
45 kN/m 


SOkN 


GSN 40n 
4.0 
1 630.06 kN 
523.04 kN 326.9 EN | 
a CL 
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| ۶ nun 
235 


۱ 


یر 
موی س 1 
LL.‏ 
© 


ia CFD. 
(U.L.) 


390.06 
1 


590.06 
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3-—Design the critical sections For the intermediate Frame (F ), to satisfy 
both bending moment and normal Forces. 


C.L.— C.L.= Spacing = 6.0m =6000 mm 


B= 4 16 s+ = 16 «140 + 400= 2640 mm es 
L 
LL +b 9000 
5 Se 6. ا ا‎ B= 2200 mm 


Take (j= 6.0 +> J =>=.86 


d 3803.04 10° و‎ 
= 6.0 || g0 2200 = .2mm ( T-Sec.) 


Take ld = 1500mmj : t= 1500 +100 =1600mm 


Murr. 3803.04 «10° 


Ag Muz ____ 3803.0410 
J ٣ d 0.826 * 360 *1440.2 


— 8880.2 mm 


Check As As = 8880.2 r 


reg. 


Hnin. b d= (0.225 * Ve) bd = (0.225 Ea ) 400 «1500 =2054 mm 
Fy 360 


0 4< Hn} d ..Take As= 45 = 8880.2 mmr 19425 


.. 7 = D-25 ے‎ 400-25 _ 7.50 = 7.0 bars 
+25 25 +25 


19 $25 


0.40 
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Sec. © M=2632.5 kN.m , P =296.76 EN, D =400 mm a 

d 2632.5 «10° R-Sec. 
کر‎ 5 TFT lls 1639.3 mm (as R-Sec.) 

d= (1.1¬+>1.3( d, = (1.1+1.3( )1639.3( = )1803.2 > 2131 ( mm 


Take d=1900mm , t=1900 +100 =2000 mm 


P _ _296.76 +10 _- 2 0.04 . (Neglect P 
Check F bt 30400:2000 8 (Neg ( 


“. Take Û = Ûd, = 1639.3 mm 


“ Take Îd = 1700 mm t =1800 mm 


8 == ل جد 3.50 = ,€ 


6 
518.9 _ 10+ 2632.5 ___ _ سے ۸ .„ 


J Fyd 0.780» 360+*1639.3 


Check A Si A =5718.9 ا‎ 


reg. 


Fy 360 


5 As > Hain d . Take وا‎ ّ 0718.9 mnt 
ea. req. 
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Sec. ® M=1170.54 EN.m , P =207.97 kN , D =400 mm 
d = 1700 mm ( the same depth of Sec. @ ) 


3 
P___ _207.97*10- _0.0096 <0.04 «“. (Neglect P) 


Check F Dt 30» 400» 1800 


T—-Sec. 
C.L.— C.L.= Spacing = 6.0m =6000 mm E 
B= 4 16 ls+D = 16 »140 + 400= 2640mm ر‎ 
K+ Db — 0.8 « » 211+ 400 = 1553.7 mm 
B=1553.7mm 
6 
.. 1700 = CL, || 1L 10 _, لل ج 10.7 = إ2‎ => 6 
30 * 1553.7 
6 
Mu. _ 00 10 و‎ 


JF, d ` 0.826 * 360 *1700 


2 
Check Asmin As, „= 2315.5 mm 
u b d= (0.225 ۰ و‎ bd = (0.225 + 30 ) 400 »*1700 =2327.8mmî 


ّ Hin, bd > Ase, Use, Asin 


As : - ا 25ں‎ bd = (o.225 «82 ) 400 ۰ 1900= 2327.8 8( الأقل‎ 


TUT. 
= 2327.8 الأكير‎ 
1.3 As,.q. =1.3 * 2315.5 = 3010.1 2 
: = 2327.8 mm 


st. 360/520 %15 bd = 0.15 «400 «1900 1140 
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Sec. @ M =1889.25 kN.m , P =357.74 kN, D =400 mm 


dd = 1700 mm ( the same depth of Sec. ®) R-Sec. 


P_ _ _357.74+10° _0.016 
— کے سے کل‎ 5 0. 04 6 N / t P 
Check F ot 30.400. 1800 < ا‎ 


9. 8 
.. 1700 =, |10 __, C= 4.28 > لل‎ = 3 
30* 400 


Mur. _ 1889.25 «10° 2 


mm‏ 3797.0 = کے ذو 
J Fyd 0.813 * 360 *1700‏ 


Check A Sin. A4ږو‎ -3797.0 N 
ا‎ reg. 


Min. b d= (0.225 * Feu ) bd = (0.226 « J80 ) 4001700 = 2327.8 mrê 
Fy 360 


“ 48< Hn b d “ Take As=- ,و45‎ 3797.0 mr 8 25 


Sec. @ M =1889.25 kN.m , P =Zero kN, D =400 mm 
Take C= 3.5 > J=0.8 e 


1889.25 «10° 
d= 3.5 3t _ 1388.7 mm (R-See.) 
30 * 400 


Take ld = 1400mm Î | (= 1400 +100 =1500 mm 


Mur 1889.25 «10° 


سے کے ب س ت وا ° 
J Fy d 0.780 * 360 *1388.7‏ 


— 4844.9 mm 


Check A Sin. A, =-4844.9 An 
ا‎ req. 


Manin b d= (0.225 Fe) d= (0.225 « Jg0 ) 400 «1400 = 1917? mm 
Fy 360 


Aş, > Mend d :.Take As= As = 444.9 mr’ (0%25 
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4-Design the critical sections For the intermediate Frame (F) 


to satisfy the shearing Force. 
Check Shear. 


— Allowable shear stress. 


See. (D Q- 590.06kN , @d = 1500 mm 


q Q4 590.06 » 10° 
U لے کچھ س تچ‎ 
bd 400*1500 


“ dy< i — Use min. stirrups i 5Pp8\ mt 
Sec. ® Q= 826.9 EN , d = 1400 mm 


q __@¶_ _ 326.9 «07 — 0.583 N\mm 


bd 400*1400 
“ Jy < oy —— Use min. stirrups [5 $ 8\ m: 


Sec. ® Q- 536.6 kN , d = 1700 mm 


— 0.98 N\mm 


q,__@_ _ 536.6 * 10° _ وور‎ e 


bd  400+1700 
“ Ty < Qu, > Use min. stirrups [5 $ 8\ m: 


Sec. @ Q— 445.14 KN , d = 1700 mm 


q Q 445.14 » 103 
U ڪڪ .ج سے ت‎ 
b d 400 »* 1700 


“ Jy < o, > Use min. stirrups [5 $ 8\ m: 


ححح ججح حص ج صصص ج ج ضضض جڪ ص ڪڪ ڪي 
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— 0.65 N\mmî 


0.75 
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R.F.T. of the Frame. 
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ف‎ 
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Exanrwple. 


G=150 KN G=200 KN G=100 kN 
P=45 kN P=6OkN P=30 kN 
9g=30 kN/m 
ل‎ 7P=10 kN/m ١ 
اک اک کک کک سے کک کے سے کے کے کے کے کے کے کے کے کے کے کے‎ 


2 


3 


Statical System 


The Figure shows the concrete dimensions and statical system of a repeated Frame used 
as a car shed. The spacing between Frames is 6.0m and each Frame carries a group of 
secondary beams as shown in the Figure. It is required to: 


1- Draw the S.F.D., N.F.D. & B.M.D. For one intermediate Frame. 


2- Assuming that the column (CC) is an unbraced column, calculate the bending 


moments on the column in & out of plane due to buckling. 


3- Design the critical sections (1>4) of the Frame. 


4- Draw the shear stress diagram of members OL-D-C and design its critical sections For shear. 


5- Draw the details of the reinforcement of the Frame using the moment of resistance 


diagram For the bars curtailment For members COL-bD-C and a-Cd in elevation 
to scale 1:50 and in sections to scale 1:20 


. Use Fo, = 35 MPa . Steel used is St 400/600 °‘ D= 450mm (Frame) 
. Slabs thickness = 150 mm . Floor Cover = 2.0 kN/mî . Live Load =1.0 kN/m® 


حح ج حح ص ج ص ص ج ص ڪڪ يڪ 
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G€=150 EN G=200 KEN G=100 EN 
P=45 kN P=6OkN P=30 kN 


9g=30 kN/m 
DP=10 kN/m ل‎ 
CL TT pT ppp yT 


ہما انه لم یتم ذکر اذا ما کانت الاحمال 


working or ultimate limit 


اذا من الطبيعى ان تكون الاحمال ds»ه] working‏ 


l1 6 1 © 7 


لس 0 ق لuu‏ 8,0 سسا 


1- Draw the S.F.D., N.F.D. & B.M.D. For one intermediate Frame. 


بما انه لم یتم طلب عمل حالات تحمیل علی ال ۴٣٣۸۲‏ اذا سناخذ کل الاحمال 1٥٤۵1‏ 
kN 26OEN. 13OEN‏ 195 


| mm 4 | 


f 
E 


X 
چ‎ 
إا‎ 
۷ور‎ 8.0 
4 
For the Inclined Link 
Y _ 4 
— =© —- کڪ و‎ 
اوو ل وو د‎ X 8 A= 
025 kN 
5930 kN.m 
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195 kN 26ORN 130 kN 


(| own |) | 


XxX 
4.0 
س8.0‎ 
4 
RR 
5930 kN.m 
570 


B.M.D. 


working 


5930 
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1482.5 


working 
ج ص ص ص ص ي ي‎ 
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2- Assuming that the column (@ d) is an unbraced column, calculate the bending 
moments on the column in & out of plane due to buckling. 


توجد معلومات ناقصه سنحتاج لفرضها 


l0. = e 12 = 0.50 147 secondary عمق الكمره ال‎ -١ 


۲- تخانه عمود ال eمصF۴ra‏ 
ممكن فرض الابعاد لكن يفضل ان نفرض الابعاد التى نضمن ان تجعل العمود € 8f‏ 
مع كلا من Bending & Normal JI‏ 


لذا سنصمم العمود اولا على 2 , را و نحدد الابعاد ثم نعمJ check buckling‏ 
على هذه الابعاد ٠‏ 


R-Sec., M = 5930+1.5 = 8895 KN.m , P =1025 *1.5 = 1537.5kN 


d 8895 «10° 


d= (1.3ج1.1) = ر (1.3ج1.1)‎ )2630( = (2893 ¬+ 3419 )( mm 


“ Take d=2900mm , t =3000 mm 


3 
P 1537.5 «10 
NEE FO 0.04 (Neglect P 
Check F,, bt 35« 450» 3000 < (Neg ) 


“ Take |d =2700mm| , jt =2800 mm 
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Buckling In plane Buckling Out of plane 


60 Case D 


Case O 


Upper Case (@) Upper Case (î) 
( K=2.2 و‎ K=1.2 


Lower Case 0 Lower Case 


H=8.0 m H,=8.0- 0.5 =7.50m 
—_ 2.2 x» 0 س‎ 25 
by 2.8 Ù owt 0.45 
= 6.28 >10 = 20 <10 


Take the bigger value of Ab = 20 (Out of plane) 


2 2 
_ (Ab) * D _ 20.0 «0.45 _ 0.09 m P, 


P, = 283.75 « 1.5 = 425.62 kN 


اھمل تاثیر ال وا uc)‏ 
لهذا الحمل 


M, = P, +5 =425.62 »« 0.09 = 38.30 kN.m “| 


add. 
س س س ن ن ن ن ن ن ا‎ 
اعلی ۲/ و لیس ٹث‎ 8 
و چس سر‎ 
۲ ان تکون اکبر‎ 
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3- Design the critical sections (4ج1)‎ of the Frame. 


Internal Forces Diagrams 


425.62 


‫ِ 


1 
کر‎ 
0 
LL 


= N.F.D. U.L 
1537.5 
375 
195 
2223.7 کس‎ 
S.F.D. U.L 
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Sec. (DOD M=855 kN.m , T =2223.7 EN, D =450 mm R-Sec. 


855 «10° 
ا‎ 3.5 | = 815.5 mm 


d= (0.9¬>1.0) d, e (733.9 ¬+ 815.5 (mm 


€ _ 


e M4 855 _ 0.884 m 


= = 042 0.5 
T 2223.7 کک‎ 


Small Eccentricity. 


8 1 


. 


e 0.90 _ 0.06- 0.384 = 0.016 


CC ااا‎ 
2 f11 


—-C€C+€= ت‎ — 0.05 + 0.384 = 0.784 mM Tul 


۰ 7T, (+b)= 7T (b) 
T, (0.80) = 2223.7 (0.784) aH 


T'=T,+Tg <“. 2223.7 = 2179.214 1g>| 19 = 44.5 RN 


Ag, = T1 2179.210 - 6265.2 mrê 


(F, /59 (400\1.15( 


3 
T 44.5 *10 2 
Aga TE _ 45 °10 _ 127.9 mr 


(Fy/5s)  (400\1.15) 


0.45 
ا‎ | 
. p= 0-5 e | 1v J 22 
+25 
ے‎ 450- 25 _ 9.04 = 9.0 ۰ 
22 +25 2 22 
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Sec. ® M =52.5kN.m , T =2223.7 kN, D=450mm R-Sec. 


e=¥- ي‎ = 0.023 m «. ج‎ 0.0 = 0.026 < 0.5 
Small Eccentricity. 
d= -C-_e= 29° _ 0.05- 0.023 = 0.377 
2 2 
b- C+ e= 0 — 0.05 + 0.023 = 0.423 m 


.ı T, («+b)= T (0) 
T, (0.80) = 2223.7 (0.4238) > [ T, = 1175.8 EN j 


“ T=T, +Tg <“. 2223.7=1175.8 + 1g T2 =1047.9 EN 
3 
A. _11_ _ 1175.8*10 _ 4480.4 mnê TED 
°" (F/5:) (400\1.15) 
3 
A., _ _l2_ _ 1047.9*10 _ 4012.7 mm E 22) 22 
°*  (Fy/5s) _(400\1.15) 9 


0.45 
0.90 
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Sec. ® P -2486.2 EN , (b «< ( = (450 «450( 


Neglect effect of buckling 


Ac = 450+450 = 202500 mm’ 
“P= 0.85 Ac + 0.67 Ag F, 
3 
“. 2486.2 *10 = 0.35 )202500( )35( + 0.67 Ag )400( 


% و‎ = 080 mm Asis 
S min 100 % Cc 100 * 202500 = 1620 mm 


8918 ا 


Sec. @ Db=450mm , tt 2800 mm R-Sec. 


My = 38.30 kN.m 


P = 1537.5 kN.m My= 8895 kN.m 
add 


لان قیمه × اقل کثیرا من ۲ 1 فمن الممكن فى الامتحان اهمال قيمه ×1 
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Neglect My because it is too small. 
Design the section on : 


P = 1537.5 kN.m, My= 8895 kN.m 


3 
P _ 1537.5 «10 
____ 1537.6 *10 - 0,036 < 0.04 (Neglect P 
Check F bt 36. 4502800 < (Neg ) 


d =c, کک‎ Mus. <. 200 = cE, ٥C, = 3.60 ل ج‎ = 6 
Fou B 


“4= Mur. 5 8895 «10° — 10478 mnê 


J JF,d dd 0.786 * 400 * 2700 


Check As As = 10478 ا‎ 


reg. 


nin. b d= (0.225 Feu ) bd = (0.225 « LEZ ) 450 +2800 = 4193 mr 
Fy 400 


٠ ٠ 0 
As < Hn d .:.Take As=48و=‎ 10478 mm 


„„. pn 0-25 _ 450-25 - 8.60 = 8.0 bars 
4+25 25+5 


Stirrup Hangers = 0.4 Ag = 0.4 (10478) = 4191.2 mm 


حح ججح ج جح ص ج ص ج ڪڪ ڪڪ 
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4- Draw the shear stress diagram of members @-b-c 
and design its critical sections For shear. 
سنحسب ال اء عند ثلاث نقط للجزء المائل‎ Shear Stress Diagram لرسم ال‎ 
و نوصل بينهم بمنحنى و نقطتين عند الجزء الافقى و نوصل بينهم بخط.‎ 


"Te S.F.D. U.L. 

1 | 
أ )346.87 
| 

1 


Q = 195 kN. M = Zero kN.m d= 450 mm 


3 
q _ _195*10 _ Zero =0.963 N\mmî 
450 x» 450 


Point @ 


Q = 285 KN. M = 360 KN.m Û = 650 mm 


6 
q 285 « 10 360 »*10» )0.138 ( = 0.722 N\mrê 
450 * 650 450 *« 650 2 : 


حح ج حح ج ج ج ص ج >> ج ڪي 
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Point @ 
Q = 375 EN. 


q — 375 «10° _ 865 «10 (0.133) 0.630 Mmm 
`` 460 * 80 450 * 850° 


For straight part. 
Point @ 
Q 


3 
_ 346.87 «* 10 ٠ 2 
Qq = lL. 0.907 N\mm 


Point ®) 


M =855 kN.m C = 850 mm 


346.87 KN. Cd = 850 mm 


Q = 133.12 EN. 


3 
_ 133.12 «10 _ 2 
q SE FI mS 0.348 N\mm 


C = 850 mm 


0.722 0.963 
0.630 


0.907 


Check Shear. _ Allowable shear stress. 


1 | 1 | 35 
d= 4 u = 4 16 = 1.16 N\mm 
Ce © 


°.° All sections have stresses less than do 


.. Stirrups For all sections are 5 pe\m 2 branches 
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م 
N‏ 
8 
oo‏ 
-™ 
ہ9 
00 
e:‏ 
MN‏ 
© 
4 
N‏ 
,0' 
را 
e °" CELE:‏ 
ا G98‏ 
GE%9‏ 
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Example. 


Data. 


D (Frame ) = S50 mm 


st. 360/520 
C -30- F.. -30 N\mmî Î4. 0o—لl ام20 ل0 .خ6‎ 


Reg. 


1 -Draw B.M.D., N.F.D. & S.F.D. 
2 -Design the critical sections of the Frame For Bending and shear. 


3-Draw the details of reinforcement For intermediate Frame (F) in elevation 
to scale 1:50 and cross sections to scale 1:25 


حح 
پ کید 
tw‏ 
460.7 
0 

1 م‎ 
9 0 0 * 180FN 8ON MT Ay 

460.7 
6.0 

40ا | 
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EECCEFCTTTTTTTTT 


a 
TOA 
NII 


e ١ 


(working) 
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E 
LM 


mmigh Ne 
NII : 


® 70.3 @ 


2092 = 
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2 -Design the critical sections of the Frame For Bending and shear. 


Sec. DO M=1219.5 kN.m , P—=691.0kN, Db =350 mm 


d 1219.510 ° a ا‎ 
چ 35 کر‎ . 8mm (as - e٥.) 


d= (1.1¬+1.3( d, = (1.1¬+1.3( )1192.8( = )1312.1 ¬+ 1550.6) mm 
“ Take Îd =1400 mm] , lt =1500 mm 


3 
P 691.0 «10 1 
4  ے ا‎ اا١‎ ~e 8 0.04 (Dont neglect P 
Check F bi 30.350. 1600 > ( ۶ ) 


.„ Design the Sec. on both N.F.& B.M. 


Use‏ _ 1.76 _ € د 
,ع8 0.6 < 1.17 = ا = = ا س e‏ 


Cs =€ + —C = 1.76 + 9® -0.10 = 2.41 m 


Mg= P<€g= 691.0 » 2.41 = 1665.3 kN.m 


6 
^. 1400 = C, || 1885-810 _, 0-3.5651 8-ل‎ 
30 * 350 


Ms 5 Naur.L.‏ و 
J Hyd (FASs)‏ 
3 6 
mm‏ 2149.8 10* 691.0 10* 1665.3 


0.780 » 350* 1400 860 \1.15( 


2 
Check As”, A sq, 2 2149.8 mm 


Mnin. b d= (0.225 e) b d = (0.225 J.) 350 «1400 =1677.4 mr 
Fy 360 


Ag, > Hund d Take As- As = 2149.8 mr (6 $22 


7 = bD-25 ڪڪ‎ 350-25 _ 6.91 = 6.0 bars 
P+25 22 + 25 
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Sec. © M= 1200 kN.m , P = Zero KEN , D= 350 mm 


d= 1400 mm (the same depth of sec. ®) 


The sec. is R—sec. 


6 
. d=C, ل > 4.14= ,€ ,+ 0012 || ,= 1400 “ ر‎ => 8 
Cw 


30+350 


6 
صم 67یو _ _ 1200+10__ ے u‏ ے چ 
JFyd 0.808» 360*1400‏ 


A, =2946.7 mm 


Check As, 
ا‎ req. 


2 
Mm 


Hin. b d= (0.226۰ ۷) bd = (0.225۰ J80 ) 350 »*1400 =1677.4 m 
Fy 360 


o o ¬ _ 2 
: As > Hain} d ..Take A-4 = 2946.7 mm (8 P22 


Sec. ® M= 330 EN.m , P= Zero EN , D = 350 mm 
d= 1400 mm ( the same depth of sec. @ ) 


The sec. is R—sec. 1 
6 
 d =C, ل ج 7.89= ,€ ج 0 ,€= 1400 . ع‎ == 6 
* 
Cu 


6 
“A= Mu. _ __ 330 *10° _ _ 27و‎ 
J Fyd 0.826 * 360 * 1400 


Check A Spin. A4 و‎ =7 a 
ص‎ red. 
2 


Fe) d= (0.225 « 30 ) 350 +1400 =1677.4 mm 
Fy 360 


HMnin. b d= (0.225 
Hnin. b d > Asin 

A = „80 350 »1400=1677.4 mr ۳ 
ml (o الأقل ۱ ( 0 ا‎ 


= 1030.5 mm 
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1.3 As, aq. = 1.3+ 792.7 =1030.5 mm 
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Sec. © M =2092 kN.m , P—=1425 KN, Db =350mm 


d - 2092 «10° 


TTT 1562.2 mm (as R-Sec.) 


d= (1.1-1.3) d, = (1.3ج1.1)‎ )1562.2( = )1718.5 ¬+ 2030 ( mm 


“ Take Îd =1800 mm} , | =1900 mm 


3 

2 1425 «10 
4 _ ے‎ __ 14011 ~~ 1 0.04 (Don’t neglect P 

Check Fou bt 30350 1900 > ( ۴ ) 


„. Design the Sec. on both N.F. & B.M. 


M 2092 e 1.47 Use 
Ce س —— جڪ ل نض‎ <> 1.47 I °° = ——-———_ ڪڪ 0.5 77 .0 چ‎ > 
P 1425 ئ‎ 1.90 > es 


Cg =€ + -C = 1.47 + 92 -0.10 = 2.82 m 


Mg,= P<C€g= 1425 *« 2.32 = 3306 kN.m 


| 6 
* 


Ms _ Pu.‏ دو 
JFyd (E\Šs)‏ 
103« 1425 10°« 3306 


2 
ہے‎ _. ~~ 1988 ۳M 
0.780 » 360* 1800 )360\1.15( 


2 
Check A8, Ag, =1988.7 mm 


req. 


nin. b d= (0.225 Ve) b d = (0.226۰ EZ ) 350 »1800= 2156.6 mî 
Fy 360 
Hin bd a LR A a 
Ags = (o.226« ®) 350 »1800=2156.6 mm : 
8 ٥ (o 225 0 ( | الأقل‎ 


min. = 21.6 nr (G $22) 
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1.3 As, =1.3+*1988.7= 2585.3 mm 


Sec. ® M =2073 kKN..m , P=414.6 kN, D=350mm 
( Take the same depth of Sec. @ ) 


“ Take Îd =1800 mm| , jt =1900 mm 


P_ _ _414.6 «10% 
Fe, Dt 30»350»1900 


6 
=0 e .. 1800 =, URL ل ج 4.05= ,€ ج‎ => 5 
Fou, b 30*350 


Check = 0.020 < 0.04 (Neglect P) 


6 
ے سے ی ۸ .٭‎ __ 2078 ۰1  _ اہ پوو‎ 
J Fy d 0.805 * 360 * 1800 
2 
Check A4 و‎ A gs =3974 mm 
کک‎ reg. 


nin. b d= (0.225 Feu) bd = (0.225 « ¥30 ) 350 «1800 = 2156.6 mm 
Fy 360 


2 
As > Hnb d ..Take A= 4= emn 


Sec. © T' = 8065.8 kN 


لانه link member‏ و عليه قوی 7e0"‏ فقط 


فلن يحتاج الى ابعاد كبيره فمن الممكن اخذ الابعاد (0 ٭ 0) 


Ae =(b»b) (350*350) 


7 300-¬- 
3 
2 
As تخ‎ 7 0 
F\s 360\1.15 350 
8 $22 
8 p22 
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Check Shear. 


— Allowable shear stress. 


dı, 0.24 ا۱‎ Na N\mmî 
ر‎ dran = 0° | / Se = 7 2 = 3.0 N\mm 


ce 


Sec. OD Q= 691 EN 


.. Actual shear stress. = q د کے‎ = 1.09 N\mmî 
bd 350+»1800 


٠° do, < Io < dmag.* Fe need Stirrups more Than 5 G8\m’ 
gg qu u RAA 


2 bS 
*« Take n=72 , $8 > 4s = 50.3 mm 


og OF PD COE) 
350 * S 


‘. No. of stirrups\m> _ 1000 _ 1000 _ 9265 = 10 
S 108.1 


'. Use Stirrups 10 P8\m| 2branches 


Sec. © @Q- 210 EN 


°° Use 


S=108.1mm > 100 mm .°.o.k.‏ ڃ— 


Actual shear stress. = de ت‎ Q4 M tan 8 
bd bd 
Qq 210+10 
_ 210*10 _ ZERO =0.80 N\mm 800 
U ` 3650» 750 ۱ 1500 
000ھ کا‎ 
“. <Q yı > Use min. stirrups |5 ¢ 8\ mm 
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ماهو البلوكات مختلف فى هذه المنطقه 
لوجود N0٥۲۳"‏ 


ملحوظه 


Mm 01 
DIIIIHHHIIDD o n 
ITT 


B.M.D. 
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N N 
» N 
8 Sh 
© mm 
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RFT. of Maxz—-Maxz B.M. For Frames. 


Example. 


> 
= 20 kN 
wind 3.0 
6.0 
لسم ولو ولم ولم و ا‎ 
G=30 kN G=30 kN 
P=20kN P=20 kN - 
Working Loads 
Data. 
W=20 kN G=40 kN G=40kKkN G=40 kN 
i = 25 N\imm wind P=30lkN P=30kN P=30kN P=30 kN 
J =1ORN\m 
Fy = 360 N\mmî D=15 kt 
ا‎ = 120 mm 


Spacing = 6.0 m 


Static al 


b (Beams) = 250 mm 
System 


Db (Frames) = 350 mm 


Reg. 


@D Draw maxt—maxr U.L. B.M.D. 
@ Design the intermediate Frame & Draw Details of RFT. 


to scale (1:50) and cross sec. to scale (1:20) 
(Curtailment of steel RFT. is to be made by moment of Resistance Method ) 
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I.F.Ds 


0.9 + 30 0.930 
=27 kN =27 kN 


(U.L. ) 


D.L. 


1.5 × 70 1.5 x 70 1.5 × 70 


T.L. 3 =105kN =105kN =105 kN 


| 358.5 kN [397.5 kN 
لسم وار .وار ,ودوم .وا‎ 


الاحمال المركزه فوق الاعمده لا يكون لها أى تأثير على قيم ال .8.14 و ال .5.۴ 

و لكن يكون لها تأثير على قيم ال ٧.7.‏ على الاعمده و للتصميم يفضل للاعمد التى عليها N.‏ & .8.1 
أن نضع فوقها .2.1 حیث کلما قلت قیمه ال .۷.۸ ز ادت کمیه حدید التسلیح 

أا الاعمد التی علیما ٧.۴.‏ فقط مثل ١٤ع"‏ )۸[ فنضع فوقما .7.1 لزیاده کمیه حدید التسلیح 


جح ج ج جح ج ص جڪ ص ص ڪڪ ص يڪ 
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1.5 + 50 0.9 × 30 
(U.L. ) =5 EN =2? EN 


T.L. 


: 0.9+40 0.940 1.5 +70 
D.L. ا‎ W=1. =36 KN =36 kN =105EN 
3,0 =3OMN 
wind 

6.,0 

30 kN 
295. 75 kN ا‎ 122.75 kN 
سم و ارم وا ,وم .وا‎ 


الاحمال المركزه فوق الاعمده لا يكون لها أى تأثير على قيم اال .8.14 و الل .5.۴ 
و لکن يكون لها تأثير على قيم ال .۷.7 على الاعمده و للتصميم يفضل للاعمد التى عليها .۴. & .8.1 


أن نضع فوقها .2.1 حیث کلما قلت قیمه ال .۷.۸ ز ادت کمیه حدید التسلیح 
ما الاعمد التی علیما .۸.۴ فقط مثل ٤۲‏ ط۸٣٤‏ ۸[ فنضع فوقها .7.1 لزیاده كميه حدید التسلیح 


12.75 


حح ج ص ج صصص ج ضضض ج ص ص ڪج جي 
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12.75 


S.۸.0. 
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(maxz—-maz ) B.M.D. (U.L.) 


رصم critical sections J| ıi maxz—maxz B.M1.D.‏ 
و عند تصميم أى قطاع نحدد العزم المصمم عليه من أى حاله تحميل و نأخذ قيمه ال ه٣0١‏ 
عليه من نفس حاله التحميل و ليس شرط أن يكون ال ١٠٣٣٣1‏ الآكبر 


لا نرسم التسليح على شكل maxz— max 8.1.0. J|‏ 
و لكن نرسم التسليح لاى حاله تحميل أولا ثم نكمل التسليح من حاله التحميل الاخرى 
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Design of Sections. 


Sec. (DD M=528.75 kN.m , b =350 mm R-Sec. U 
Take Cı = 3.50 +> J = 0.78 


6 
- Get d =c, |j EE = 3.50 || 528.25°1°° _ 860.37 mm 
Fo Db 25 * 350 
- Take jd=900mm)| , jt= 950mm 


Mur. 528.75«10° 
J Fy, d 0.78» 360 * 860.37? 


Check As, Ag = 2188.6 mm 
ڪڪ‎ red. 


-Get Ag= — 2188.6 mnî 


Min b d= (0.225 + ا‎ bd = (0.225 + ت‎ -) 350 «900 =984.3 mm 


“As „> Hah d : . Take Ag= Ag, 2108.6 mer 7% 20 


„„. pn 0-25 _ 350-25 _ 7.22 = 7.0 bars 
4+25 20+5 


Sec. © My,= 765 kN.m T-Sec. | 1 


Take d= 900 mm (The same Û of Sec. ©) 
K = 1.0 
C.L.— C.L.= Spacing = 6.0m =6000 mm 
B= 4 16tg+b = 16 »120+ 350 =2270 mm س0 900وا‎ 


K +b =1 .0 «* „ 200° +350 = = 2150 mm B=2150mm 
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CC . 900 = cC, ج‎ 0C, = 7.54 > آل‎ = 6 
225*2150 
Mu. 
o E ___ 765+10 28686 
J Fyd 0.826 * 360 * 900 


Check As, As = 2858.5 ا‎ 
ڪڪ‎ req. 


Min. b d= (0.225 ر‎ bd = E 26 -) 350 «900 = 984.3 mrê 


As „> Hnınh d :. Take Ags= As, = 2858.5 mrt {0% 20 
Stirrup Hangers = (0.1 0.2) Ag= (0.1 0.2) 2858.5 (4 $12 


124.5 KN , D =350 mm 


Sec. ® M =348.75 kN.m , P = 
Take Cj = 3.50 > J = 0.8 


d 348.75 «10° 
o = 3.56 6ا‎ „وgy‎ = 698.75 mm (as R-Sec.) 


= ر (1.3ج1.1)‎ = )1.1+1.3( )698.75( = )768.6 > 908.3 ( mm 


Take d = 900 mm ,„, t= 900 +50 =950 mm 


P_ _ 124.5 «10 
. ll “1 - ~~ 0.015 0.04 “ (neglect P 
ChecF F bt 25 «350 » 900 e 


“Û = d,= 698.75 mm | d = 700 mm | , jt = 750 mm 


° TC(Ccolumn) < 0.8 Û (Beam) TG, Take f (Column) = (Beam) — 950 mm 


Design & RFT.of Frames 
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eo® 6 
° d=c, ". 900 = C, آل ج 4.50 = ,€ ج ا‎ = 9 
6 
. ى4‎ u __ 348.75 10 _ 1814.2 mm 
J ۴ d 0.819 * 360 *900 
2 
Check Asye, As =1314.2 mm 


reg. 


Hin bd= (0.225 + Ve) bd = (0.225 « LE ) 350 +900 = 984.3 mm 
Fy 360 


4s < Hin} d ..Take A= 4= 14.2 mr (5 $ 20 


Sec. © M=180 kN.m , P =295.75 EN , Db =350 mm 


d—900 mm ( the same depth of Sec. @ ) 


3 
2 295.75 *10 
4£ _ ے‎ 295.75 *10 - 56 0.04 .. lect P 
Check Fb 25.350950 e) 
6 
d =c, Muz. <“, 900 = LC, |/ 12 > €, = 6.27 > ل‎ == 6 
Eb 25*350 
6 
0 
.. رہ وی ووی ے 180۰10 ___ ے سے ے4‎ 
J Fy d 0.826 * 360 *900 


Check As As aq = 672.6 mm” 


Hin. b d= (0.225 Vee) bd = (0.226 „26 ) 350 «900 =984.27 mm 
Fy 360 
۰ Hin. b d > Ase Use Asin 


Fe 
A4 Smin = 0.225» E bd = (0.225 2 ) 350 *900 =7 الأقل‎ 


= 874.37 الأكبر‎ 
1.3 As,,q. =1.3 * 672.6 =874.37? : 


N 


= 874.37 mm 
st. 360/520 — — bd = 0.15 » 360 «900 = 472.5 mm 
3 #20 
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Sec. © M=258.75 kN.m , T =30.0 KN , Db =350mm 
Take Cı = 3.50 + J = 0.78 


| 258.25 +» 10° 
d, = 3.5 ER) 601.8 mm (as R-Sec.) 


d= (0.9—>1.0) d, = (0.9—¬+>1.0( (601.8) = (541.7 > 601.8 ) mm 


Take ld = 550 mm] , Î = 550 +50 =600 mm 


M _ 258.75 _ ges € _ 5 Use 
و ,8 0.5 < 7و .ھم ے ع ے £ م" 25م م - 20° 4ے‎ 
T 30.0 ا‎ 0.6 > 


egs=€-k+C = 8.625 0.0 +0.05 = 8.375 m 


Mg= T « €ş = 30.0 +8.375 = 251.25 kN.m 


6 
. =e, | ع‎ “. 560 =], || 1° _, 2C, =-8.24-+ ل‎ 4 
'\ Feu b 1 26 30 J 
M 


A 5 8 ڕپ‎ T ul. 
JFyd (FAs) 
251.25 *10° 30.0 «103 


mr‏ 1756.75 ے ا ا و ا 
(3601.15) 550 * 360 * 0.764 


Check Asn. A ş =1756.73mm 


req 


Min b d= (0.225 * Feu ) bd = (0.225 « LEZ ) 350 «700 = 765.6 mrê 
Fy 360 


e = — 2 
As > Hin} d .. Take As= 45 = 1756.75 mm (6# 20 


٤ _ 600 
_ Spacing _ 6000 = 
YJ @ t, = PIS _ 6000 = 500 mm Y= 500 mm 
{Zc _ goo - 3000 = - 400 mm 
3 3 
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Sec. © (350*450) Axially Loaded Column. P =397.5 kN 


. For = 0.35 Ac Fou, + 0.67 4s F, 
.. 397.5+10 = 0.35 )350+* 450( )25(+ 0.67 4 چ‎ )360( 
Aې=‎ — 4065.6 HM — (¬ Ve) Value 


2 0.8 1 
mn‏ 1260 = 450 » 350 » کم = 44و4“ 
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Check Shear. 


— Allowable shear stress. 


Fk 25 2 
_ ,, - 0.24 - 0.24 \ r = 0.98 Mmm 
_ 3q a 7 VE = 0.7 2.85 N\mm® 


Sec. DD Q- 292.56 kN 


3 
°. Actual shear stress. = Jy = _Q ے‎ 292.5410 0.92 N\mmê 
bd 350 » 900 


dy < Yu > Use min. stirrups 5P8 \m 
Sec. ® Q- 255 kN 


3 
. Actual shear stress. =Qdy= Q4 ے‎ 255 e10 _ 0.81 N\mm 


bd] 350» 900 


dı < Yy > Use min. stirrups [5 p8 \m 


Sec. ® Q= 75.0 kN 


°. Actual shear stress.= dy 8 وا‎ S00 
bd b d 
75.0 » 10° 


ZERO = 0.47 N\mm‏ _ ت 
450 «*350 


* dy, < dy, > Use min. stirrups | 5¢ 8 \m 
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لا نرسم التسليح على شكل ال maxz— max 8.[1.D.‏ 
و لكن نرسم التسليح لاى حاله تحميل أولا ثم نكمل التسليح من حاله التحميل الاخرى 


gE ET TT OT EEE gg TR RETEES 
© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 

Downloading or printing of these notes is allowed for personal use only. 

Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 281 


: 0 


@ 
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e % 
3 8 
8 ھا‎ 
N 
5 $20 2f$z20 
2 $20 4012 | 
5 P20 
اا‎ 
5 $20 
N 
mm 
a8 
N 
nN N 
اح جا‎ 
8 8 
o Oo ر‎ ¥ 
N N 
8&8 8&8 
6 6ا‎ 
حح جج جص ج ججج ج ج ج ص ج ص ڪڪ ص ي‎ 
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7 7 
2 2 


se 


ZL 


E 1@ 
® 
¢ 
¢ 


Example. 


٣ 
1 


3 


5 


Ae 


اچ وا و ا و ا وا 


G=70kN G€G=30 kN 


G€=30 kN G=70 kN 
P=35 kN P=15 kN 


P=15 kN P=35 kN 


mm‏ 120 =وا 
Spacing = 5.0 m‏ 


Reg. 


(OD Draw the Internal Forces Diagrams For the Frame due to 
the gwen working Loads. (maz-max I.F.D.) 

@ Design the Frame. 
using U.L. design method in bending. 

@ Draw Details of RFT. For Frame. in elevation to scale 1:50 


and cross-section to scale 1:10 
making curtailment of steel using Moment of Resistance Method. 
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1 max (ve) B.M.D. 


70 0.9 
ا ا ي 6FEN‏ = 30× 0.9 


ا 2 
¢ 264 
رد ۸ ا 


6 302.5 
1 194 kN, 
تداخل‎ 


X تباعد‎ 


123.7 


S.F.D. 
(U.L) 


N.F.D. 
(U.L.) 
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2 max (+ve) B.M.D. 


1.4+30+1.6+15 1.470 + 1.65 0.9+*70 0.9+×30 
= 66 EN = 154EN =63EN -27EN 


e 1.4+120+1.6+60 ¢ 


گے ٭و 264= مz‏ 


ا 1 


1348.7 kN.m 


N.F.D. S.F.D. 
(U.L.) (U.L.) 
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maxz—maxr B.M.D. 


1348.7 


1348.7 
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maz N.F.D. (Not a critical case) 


1.4+30+1.6%15 1.470 +1.6+36 1.470+1.6+35 1.44380+1.6+15 
= 6G6EN =154kN = 154kN = 66 kN 


1.4420 +1.6«10 
= 4 4EN\m 


2 6 
e 14120+1.8480 
Si = 


3 م 5 
اڪچ واج وي اوا 
302.5 302.5 
2282.5 
kN‏ ا 


N.F.D. S.F.D. 
(U.L.) (U.L.) 
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Design of Sections. 


Sec. (0D M=2282.5 kN.m , P =396 KN , b =400mm 


d 2282.5 »10° 
o = 36 l6. 4y = 172.1 )as R-Sec. ) 


d= )1.1+1.3( dٍ, = )1.1+1.3( )1672.1( = )1839.3 > 2173 () mm 


Take d= 1900mm, t= 1900 +100 =2000 mm 


P396 <1 
ChecE TF bt 25 „4002000 


= 0.0198 < 0.04 .. (neglect P) 


“. Take Û Û, = 1672.1 mm 


“ Take =1700 mm} ڪ,‎ t=1800 mm 


‘“ The sec. still R—sec. Cj = 3.50 +> J =0.8 


6 
.5 *10 
Aç Muz ”ص 1 6وي  ___ 10 0.0 ے‎ 
J Fy d 0.780 » 360 *1672.1 


Check As, As — 4861 E 


reg. 


HMnin. b d= (0.225 e) bd = (0.225 « J26 ) 400 «1700 =2125 mm 
Fy 360 


2 
As > Hymn} d ..Take A =و‎ 4= 4861 mmr (10425 


_ 0-25 _ 400-25 - 7.50 = 7.0 bars 
4+25 25+45 


Stirrup Hangers = (0.1 0.2) Ag = (0.1 0.2) 4861 
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Sec. © My, , = 302.5 kN.m R-Sec. 


“ Take Îd = 850mm} , jt = 900mm 


6 
۰ d=, || ۰ ل > 4.88 = ,€ ,3510| ,= 50ھ‎ >-6 
E b 25 * 400 
6 
302.5 *10 
واک‎ Mu. 2ے‎ 9 mm 


J Fy d 0.826 » 360 *» 850 


E Asin A, =1196 mm 
ججج ڪڪ‎ Tred. 


Hin. b d= (0.225 « J ) ù aq = (0.225 « ÊS. ) 400 «850= 1062 mrî 
Fy 360 
2 
Aş, > Mah d Take As= As, ,= 1196 mrt 


. 7 = D-25 ے‎ 400- £5 _ 7.50 = 7.0 bars 
+25 25 + 25 


Stirrup Hangers = (0.1 0.2) Ag = (0.1> 0.2) 1196 


900 _ 450 mm 


2 
ہے‎ 5000 
Y ty = SPteing. _ 5000 = 416.6 ( Y- 450 mm 
ا‎ 


Le - g00 - 2500. = 66.6 mm 


۴ل 3 
5 
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Sec. ® R-Sec. = 1348.7 kKN.m, P = 1194 EN 


1348.7 «10° 
dd. = 35 i = 1286.3 mm (as R-Sec.) 


d= )1.1¬+1.3( (1.3ج1.1) = ر‎ )1285.3( = (1413.8 ¬+ 1670.9) mm 


“ Take d=1500mm , t =1600 mm 


Re (column) = (Beam) = 1800mm للتسهيل‎ 


و 


3 
P 1194 «10 : 
4  _ ے‎ ١٣ ا‎ ~66 0.04 Don t nealect P 
Check KR, bt 25 «400< 1800 > ( ) 


.„. Design the Sec. on both N.F. & B.M. 


M 1348.7 e 1.129 Use 
= — = = 9 س و‎ = ۰ ۰ 
e B PEF m e 0.627 < 0.5 8, €» 


8 
eg=-e+E-C = 1.1294 ® 0.10 = 1.929 m 


Mg= P« Cgs= 1194 « 1.929 = 2303.2 kN.m 


6 
8- ل جد 3.54= ,€ و ا ..1700=C,‏ 
* 


Ag= Ms _ Pun 
JFyd (FA 5s) 
6 3 
2303.2 *10 1194 *10 — 992.2 mr 


0.783 «360 * 1700 ( 3601.15( 


Check ASin A, =992.2 mm 
یری صدصدصتڪ‎ red. 
2 


Hin. b d= (0.225 Feu) d= (0.225. J ) 400 »1700 = 2125 mm 
Fy 360 


Main bd >4, E Asin 


2 


As = (0.225 « J25) 400 «1700-2125 mt الأقل‎ 
min. 360 
=1289.9mm U $ 25 


1.3 As,aq= 1.3* 992.2 = 1289.9 mr 


Design & RFT.of Frames 
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Check shear. 
وو ہے‎ 2 


— Allowable shear stress. 


F 25 2 
= 0.2411/06 = 24 — -_ 0.98 N\mm 
- , ۱/۱ 2 / | 


25 
_ Gq = 0.7 \ | Feu = 0.7 || --— = 5 N\mmî 
maz. 5e 1.5 


Sec. OD Q= 66.0 kN tan B = 0.18 
.. Actual shear stress. = de = @ ڪ‎ M tan B 
bd b d 
3 2 
_ 66.0*10 _ — 0.412 N\mm 
1y = 400 * 400 e 


“ dy < u > Use min stirrups 5 $8\m 
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RFT. of the Frame. 


لا نرسم التسليح على شكل ال .8.14.0 ٭۵"-az"‏ 
و لكن نرسم التسليح لای حاله تحميل أولا 
ثم نكمل التسليح من حاله التحميل الثانيه 
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4p25 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 


Commercial use of these notes is not allowed. 


Example. 


لوھ لوم ھل و ھا DT A DT‏ 
Data.‏ 


N\mm? Fy = 400 N\mmî‏ 30 س 
140mm L.L.= 1.50 kKN/m? F۸۳.(.= 2.0 kN/m‏ =و 
Spacing = 6.0 m‏ 


Required. 


1— Make Load distribution and draw maxz-maxz B.M.D. , N.F.D. & S.F.D. 


Design the critical sections of the Frame.‏ کن 


3- Draw Details of RFT. of the Frame. 


Solution. 
S2 
ا‎ 2.0 
0. آ‎ 
O 
02=14.03 
5.0 
لسم ولم ولم .وا‎ 
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Js, Ps 


g= sso + F.C. = 0.14» 25 + 2.0 = 5.60 EN\m 


Paig= L.L.sCosO0 =1.5 «Cos?7. 12° = 1.49 RN\mî -———- Slab S1 
Psiga = L.L.« Coso =1.5 «Cos 14.03 = 1.455 kN\m -_———- Slab S2 
B 1 Load For Shear. 
For Tr id1 Car =1-1(kLs) =1-1 (403) 
or Trapezo a1 =1 5#) 1-1(40) =0.664 
Ia =0.¥.+ Ca 9s E =8.0+ (0.664) (6.50) (EPS) = 10.36 NR 
Pa= CarPxı E = (0.664 (1.49 (ES) = 2.0 kM 
Wa = a+ Pa = 10.35 + 2.0 = 12.35 kN\m 
R1ı= 9a «Spacing = 10.35* 6.0 = 62.1 kN _--_- D.L. 
سا‎ T.L. 


= Wa* Spacing = 12.35* 6.0 = 74.1 KN 


R1 = 62.1 EN ----D.L. 


= 74.1 kN ___-T.L. 


Be? Load For Shear. ٤ 
چ ڪڪ ڪڪ ڪڪ ڪڪ‎ a1 = 0.664 


For Trapezoid2 Caz =1 1)) =-1- 1)1) -6 
9a =0.¥.+ Ca, 9a ZE + Caz 9s 
= 38.0+ )0.664( )5.50( )9( + (0.656) )5.50( (غ)‎ = 17.79 KN\mR 
Pa = Car Pat Je, Caz Paiz La (0.664 (1.49 ) (&9®)+ (0.656) (1.456) (GIA)= 3.9GEN\m 
Wa= a+ Pa = 17.79 + 3.96 = 21.75 EN 
Rz2= 9q «Spacing = 17.79* 6.0 = 106.74 kN _--- D.L. 
= Woa+* Spacing = 21.75* 6.0 = 130.5 kN 


R2 =106.74 EN--- D.1. 


= 130.5 kRN--- T.L. 
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B34 Load For Shear. 


For Trapezoid2 Caz = 0.656 
Ja =0.W.+ 2Cauzds =3.0+ 2 (0.656) (5.50) (Ê) = 17.86 kN\rê 


Pa =2 Caz Paiz = 2 (0.656) (1.455) (IÊ) = 3.93 kN\m 
Wa= a+ Pa = 17.86 + 3.93 = 21.79 EN\m 


Rs= Ja» Spacing = 17.86* 6.0 = 107.16 kN _--- D.L. 
= Wa* Spacing = 21.79* 6.0 = 130.74 kN ----- T.L. 


107.16 kN ---D.L. 


130.74 kN ___-T.L. 


B4 Load For Shear. 


For Trapezoid 2 Caz = 0.656 
Ja = 0.W.+ Caz Ys = 38.0+ )0.656( )5.50( (غ)‎ = 10.43 RN\mM 


Pa = Caz Psiz Ls = )0.656( )1.455( (غے)‎ 1.96 kN\m 

Wa= a+ Pa = 10.43 + 1.96 =12.39 kN\m 

R4= 9q «Spacing = 10.43* 6.0 = 62.58 KN D.L. 
= Wa* Spacing = 12.39*6.0 = 74.34 kN ----- T.L. 


62.58 kN --- D.L. 


= 74.34 RN _--_ T.L. 
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Loads on the F'ramre. 


(W1) rarea 2 (‡(405) (8 )) 
pn 0 A403 
E: E: E 22 * 9s = 6.0 + 2.015 (5.50) = 17.08 EN\m 


= 2.5 


5 5 areQa 
1= Pa= Pe= 0 + Psi1 = 2.015 (1.49) = 3.0 kN\m 


W, Ua = We = 1+ P1 = 17.08 + 3.0 = 20.08 kKN\m 


J1 =17.08 kN\m --- D.L. 


Wy =20.08 RN\m-=- T.L. 
(W2) xare _ 4 (1 (E)) _ 
8.24 
2= Ya= Ye= o.w.+ ے‎ * Js = 6.0 + 2.06 (5.50) = 17.33 EN\m 


2.06 


3 5 ared 
P2= Pa= Pe= ا‎ + Psi2 = 2.06 (1.455) = 3.0 kN\m 


Ş,ı+ P1 = 17.33 + 3.0 = 20.33 kN\m‏ = وللا رل 


J2=17.33 kN\m --- D.L. 


Wz=20.33 kRN\m--- T.L. 


حح ج ج ص ج ص جج ج صضصڪصڪ ج ڪڪ ججج ج يو 
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1 maz (-Ve) B.M.D. 


1.574.34 
0.9«62.1 1.5«130.74 111.5% 
.J# 

ê 55.G9EN 1.5*130.5 196.1 kN 


N.F.D. 
(U.L.) 
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2 maz (-Ve) B.M.D. 
س کÜûH€Ü€Ü€ÜH€HoO€khH€ € ڪڪ‎ a 
0.9«107.16 56.32 FN 


1.5«74.1 
1.5*130.5 96.44 kN 


111.15EN 


N.F.D. 
(U.L.) 
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maxz—maxr B.M.D. 


(U.L.) 
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S.F.D. 


1.574.34 


1.54130.74 111.5% 


1.574.1 
111.15EN  1.5*130.5 196.1 kN 
1 


987.12 
kN 


S.F۸۴.D. 
(U.L) 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 306 


Design of Sections. 


Sec. (D M =2681.61kN.m, P =135.49kN , bl =350mm 


0 2681.61«10° 
o = 3.5 g0. gg) = 1768.7 n (as R-Sec.) 


d= ,ر (1.3ج1.1)‎ = )1.1+1.3( )1768.7( = )1945.5 ¬+ 2299 ) mm 
Take d = 2000mm, t= 2000 +100 =2100 mm 


P 135.4910 . 
4 _ ے‎ 011 ~u`nN 2 0.04 . (mneaglect P 
Check Fo, l(t 303502100 < (neg ) 


“. Take Û Û, = 1768.7 mm 


“ Take j d=1800mml, j t=1900mm 


°“ The sec. still R—sec. Uj = 3.50 +> J=0.8 


6 
Aو=‎ Mu. _  2681.61*10 — 4869.4 mr 


J Fyd ` 0.780 * 400*1768. 7 


Check As As = 4859.4 


reg. 


rin. b d= (0.226 « J) ba - (0.225. Û30.) 350 «1800 =1941 mm 
Fy 400 


Aş, > Hund d Take As= As, = 4859.4 mr (G0 P25 


.. ا7‎ = b-25 350-25 _ 6.6560 = 6.0 bars 
+25 25+5 


Stirrup Hangers = (0.1 0.2) Ag = (0.1+ 0.2) 4859.4 


ا mm‏ 950= 1900 = ع 
Y- (- 950 mm 360‏ 
acti‏ 
Ûy = POY _ 6000 = 500‏ 
mm‏ 12 12 
1900 
ا 
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Sec. @ M=687.3 kN.m , P =28.82 kN , Db =350mm 


687.3 6 
d. = 35 e = 895.0 mm (as R-Sec.) 
30 * 350 


d= ر (1.3ج1.1)‎ = )1.1+1.3( )895.4( = (985.0 ¬ 1164.1) mm 


Take d= 1000mm, t= 1000 +100=1100 mm 


3 
Check Ê. 8.4210 _0.0025 < 0.04 «. (neglect P) 


F., bt 303501100 


". Take Û Û, = 895.0 mm 


. Take j\ld=900 mm! , j= 950 mm 


` The sec. still R-sec. Cj = 3.50 > J= 0.78 


6 
.. ے44‎ u .61ے 687.810 ___ ے‎ 
J Fd 0.780 » 400 *895.0 
2 
Check Asi, A g =2461.30mm 
ڪڪ ص‎ Tred. 


Hin. b d= (0.225 ™) ù a = (0.225 » JS.) 350 900 =970.5 mm 
Fy 400 


e ڪھ‎ _ 2 
ا‎ Hin} d ..Take As=45= 2461.32mm (6 P25 


9 950 475 mm 
Y _ r — 500 mm 
د‎ paving _ 6000 500 


12 
500 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 308 


Sec. ® M =2334.0 kN.m , P =872.47 kN , Db =350 mm 


d 2334.0 «10° 
o = 3.5 | g0. = 1650.2 mm (as R-Sec.) 


d= (1.1+1.3( dٍ, = )1.1+1.3( )1650.2( = )1815.2 > 2145.2(mm 


Take d = 1900mm, t= 1900 +100 =2000 mm 


P2 _ 7 10 0.0415 > 0.04 (Don’t neglect P) 


ChecF Fb 30.350»2000 
Design the Sec. on both N.F.& B.M. 


ڪ€ 84 0.5 < 1.33 ے کے m‏ 2.67 = لھ e‏ 


Cg =€ +E -C = 2.67+ 20 0.10 = 3.57 m 


Mg= P< Cg =872.47 « 3.57 = 3114.7 kN.m 


6 
9-ل ج 3.48= ,€ - || =٥,‏ 1900.. 
350* 30 


Ms _ Pun‏ و 
JFyd (RAs)‏ 
3 6 
r‏ 2752.6 — 872.4710 3114.710 


`` 0.779» 400*1900 (4001.15) 
Check Asn. Ag =2752.6 mmr 
ا‎ S8 reg. 


Hen. b d= (0.225. Fou ( bd = (0.225. + . -) 350 «1900 =2048.8 mm 


As „> Hin d „Take Ags= 2 > 6 mr (6 $25 


.„. pn 0-25 _ 350-25 - 6.60 = 6.0 bars 


. 0+25 25+5 
Stirrup Hangers = 0.4 Ag = 0.4 (2752.6) = 1101 mnê 
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Check shear. 
542.48 


0 


110.35 


S.F.D. 


(U.L.) 


Allowable shear stress. 


Sec. (DD Q= 110.35 kN 
°“ Actual shear stress. = de E Ta aT 
bd b d 


3 
q „, _ 110.35 «10 _ ZERO = 0.70 N\mmî 
350 * 450 


dy < do —+z Use mim. stirrups |5 p8 | me’ 
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0.95 


1 0.475 


| 0.475 


۱ 


elel 
8 أ‎ 
© 
2 
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ر 
ا 
| 
safe‏ 0 ي 
س 
GIME‏ ل 
Oo o 4‏ 
0Q‏ 
n alt‏ 
ale‏ 
ale‏ 
N‏ 
ait‏ 
alet‏ 
at‏ 
کر 
saf 9‏ 8 
ها 
حا 
^ 
2 
0ه 
n‏ 
سم 
SEN‏ 
۔ ١‏ 
sa9‏ 8 
(RR‏ 
I KE 8R‏ 
0 ده 
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Example. 


GC=70kN G€=100kN CG =100 kN G=100kN G=65kN € =70kN 
P=46kN P=75kN P =75EN P=75kN P=6O0kKN P=45kN 
kN/m P=15 kN/m 


“.4ل م .6 ال 6.25 2616.25 ل 
17.50 


The Figure shows a statical system and load diagram For a reinforced concrete shed. The 
shed is covered with renforced concrete slabs supported on a system of secondary beams 
and Frames (F), spaced at 6.0 m. Each Frame is subjected also to a horizontal wind (H) 
as shown on the load diagram. For an intermediate panel. 


It is required to: 

1- Draw the absolute B.M.D considering the directions of wind load (H). of an 
intermediate Frame (F), using gwen working loads. 

2- Draw the N.F.D and S.F.D For case of total load only, neglecting the wind load (H). 

3- Design the critical sections (at least Four sections) For the intermediate Frame (F). 
to satisfy both bending moments and normal Forces. 

4- Sheck shear stresses at joint ( f ) ° 

5- Consider the effect of buckling condition in the design of column (a~—d). 

6- Draw the details of reinforcement For the Frame, considering the moment of 
resistance principle For girder part (c-d-e-f-g) in elevation (to scale 1:50) 
and cross section (to scale 1:20). 

Design Data: 
ts= 140 mm D (beams) = 250mm Db (Frame) = 350 mm 
Spacing between Frames = 6.0 m 


C 30 & Steel 360/520 


حح ججح حح ج ص ص ص ج ص ڪڇ ي و 
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1- Draw the absolute B.M.D considering the directions of wind load (H). of an 
intermediate Frame (F), using given working loads. 


حالات التحميل الاساسيa‏ Jا Frame‏ 
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C=7OEN C=100kN F=175EN  W=175EN y-125EN C=7OEN 


g-=2 W=40 rnm g=25 


kN/m kN/m 


Working Loads 


1 چو سے 
١‏ 


X=5OERN 
mw 


Îrre.08 kN 1865.46 EN 
اچ چ اس‎ 8 g5 ا 40 اح و ی ا وچ ی ا‎ 


17.50 


865.46 
N.F.D. 
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712.03 


W=115EN C=100N €=100%N G=100EN y-126EN W=115 EN 


۰ g=25 enm و‎ 
4.0 
e 1.0 
7 
~0 Working Loads 
| X=5O0EN 
و‎ 
Îss2.28 kN Deez. EN 
ا 4,0 ل 0 ,1-6.2565 6.25 ا561 ,2 ل‎ 
17.50 
592.28 662.271 
N.F.D. 
© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Design & RFT. of Frames 


Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed.  (www.yasserelleathy.com ) Page No. 317 


maxz.—~max. B.M.D. working Loads 


LER 
548 ۸ 


2808.45 


حص ج ص ج ج ج جص ج ص جڪ جص جي و 
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2- Draw the N.F.D and S.F.D For case of total load only, neglecting the wind load (H). 


W=175kEN W=175EN 


W=115kN W=175kN W=125kN W=115 kN 


۴ 95 w=40 mm 5 


٠ 1.0 
1 Working Loads 

a48 18 EN 4.2و‎ EN 
سا 4,0 ل 5.,0 ل 6.25 ل 2,516.25 ل‎ 


17.50 


N.F.D. 


working 


S.F.D. 


working 
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3- Design the critical sections (at least Four sections) For the intermediate Frame (F). 
to satisfy both bending moments and normal Forces. 


maxz.—maxz. B.M.D. U.L. 0 


Sec. OD 


M =2808.45 kN.m , T =59.56* 1.5 =89.34KN , D =350mm 


2808.45»10° 
d = 3.5 E = 1810.1 mm (as R-Sec.) 


= 15.71 < 0.5 8 e, 


e = ek +C =31.43 - + 0.10 = 30.53 m 


Mg= T «» Cg = 89.34 «*30.53 = 2727.55 kN.m 


Ms °“ 1900=C 0 0۴, COC =3.73 ¬+ [=> 2‏ ابل = d‏ ت 
cu b ٣ 30 * 350 1 J‏ 1 : 
4 


A چ‎ s T u. 
JF yd (F\ös) 
6 3 
2727.5510 89.3410 — 5320.3 
0.792 »* 360 * 1900. )3601.15( 
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Check Asin As = 5320.3 


req 


Hen b d= (0.285) a - (0.225. ®. ) 350 «1900 =2276.5 mr 
Fy 360 


e . = ج‎ 
َ As >< Hin d ..Take As-= A45, کا ا‎ 


. pm 0-25 _ 350-25 - 6.50 = 6.0 bars 
0+25 25+5 


ملحوظه لان قیمه ال 7٤۸0٩‏ صغیره بالنسبه لا 1۸n0۳ e۸4‏ 
فاذا اهملنا ال 7٤۲۸٣07۲‏ فی هذه الحاله و صممنا على ال "0۳٤۸۲‏ فقط 


فلن تفرق كثيرا فى كميه الحديد المطلوبه . 


Sec. ® M =1073.43kN.m , P =95.91 x 1.5 =143.86 kN 
, D=350mm , t =2000 mm 


P 143.86 »10° ۴ 
Check FTF bt 30.3502000 < (neg ) 


6 
El ع‎ .. 1900 =, || 210 _ 0C =5.94 > ل‎ == 6 
Fo, b 30 +* 350 


Mvu.r. 1073.43«10°‏ و 


E O E O TT 
J Fyd 0.826» 360 * 1900 


Check A Snin. a 
ڪڪ‎ reg. 


Hin bd= (0.225٠ VFeu ) bd = (0.225 ۴ 30 ) 350 «1900 =2276.5 mm 
Fy 360 


Min bd >4 Seg. LAR Aspe 


As = (o.22 . J80 ) 3501900 = 2276.5 mmr’ ۱ الأقل‎ 
min. 360 ّ 
1.3 As, = 1.3* 1899.9 = 2470 mrî فاا ي ا‎ 
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Sec. @ 


M —990 kN.m , P =52.1*1.5 =78.15 kN , D =350mm 


990 »10° 
d.= 3.5 \l "30 3g) = 1074.71 mm (as R-Sec.) 


d= )1.1+1.3( d, = )1.1+1.3( )1074.71( = )1182.18¬+ 1397.12) mm 
Take d =1200mm , t= 1200 +100 =1300 mm 


3 
P 78.15 «10 
اا“ ٣اگ حح‎ -_ ے~_aA‎ 7 0.04 .“ (neglect P 
F,, Dt 30«350« 1300 < (neg ) 


Check 


“ Take Û  d, = 1074.71 mm 


. Take | d=1100 mmj , jt =1200 mm 


8 = ل جد 3.50 = ,€ 


6 
A, Mu. _ ___ 990 10° وۋ‎ 665 
JFyd 0.780 * 360 *1074.71 


Check As, A g =3280.55 mm 


reg. 


Hnin. b = و( 226۰.ه)‎ d = (0.225 » ®.) s50 «1100 =1317.9 mm 
Fy 360 


“ As > Hanh d .:.Take As=As = 3280.55 mnt 
req. 


Sec. @ 


M =548.43 kN.m , T = 54.10*1.5=81.15 kN 


, D=350mm , t =1200mm = The same depth of Sec. @ 


_M_ 5348.43 
€= T B116 6.758 m 
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_ 8756_668 < 0.5 se, €, 
- ا‎ 4+C =6.758 - 120 +0. 10= 6.258 m 


Es 
Mg= T «» €, = 81.15 «6.258 = 507.83 kN.m 


Ms [507.83 10° 
“® 1100 = اا کک ص‎ €4, =5.0 = 6 
'\ Fou b 1" g80«80 >J 


Ms 4 Tul.‏ ت 
JFyd  (E\Ss)‏ 
3 6 
mnî‏ 7 === 81.15*10 10* 507.83 


ل ل ا لے 
(360\1.15) 1100 * 360 * 0.826 


Check Asn. A, =1811.7 mm 


req 


in = ی م ( = 226۰.ه)‎ = (0.225. 8 ) 350 «1100 =1317.9 mm 
Fy 


As < Hn d ..Take As=-4s = 1811.7 mr (AP 25 


Sec. © (350*1000) 


Awially Loaded Column. P = 894.32 +1.5 =1341.48 kN 


. Fur = 0.35 Ac Foy + 0.67 As F, 


(360) چ4 0.67 +(30) (1000 *350) 0.35 = 10* 1341.48 .' 


. و4‎ - 4 mm = (-Ve) Value 


۰ 2 
“. A4g=46 = © ٭‎ 350 +1000 = 00 mrt (2418 


min. 
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4- Sheck shear stresses at joint ( f) 


— Allowable shear stress. 


Fk 30 2 
_ ۹ رہ‎ - 0.24 = 0.24۱ > = 1.07 N\mm 


\ / Feu e 2 
. mazî °7 ie = 7 1.5 = 3.0 N\mm 


Sec.D Q-= 649.3 kN b = 350mm ,: b= 1900 mm 


qy _@Q__ _ 649.3 * 10° _ o97 Mmm 
bd 350 «1900 


*“ du, >4, < Use min. Stirrups |5 P8 \r)| 20 
Sec. @ @ 
as 10 


1 2 


کے 


3 
dq, _ 167.3 +10 _ zero = 0.87 mm 


350 * 550 


“ dy >y <“ Use min. Stirrups |5 P8 \rr| 20 
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5 - Consider the effect of buckling condition in the design of column (a—d) 


Mext.= 525 kN.m 
P= 525+1.5=787.5kN 


2000 


ji kN.m 
787.5 EN 


Check Buckling. 


ODIn plane. @ Out of plane. 


ڪڪ 


ن 
ا 


Upper Case (î) 
٤ K=1.6 
Lower Case (@) 


Upper Case (î) 
٤ k-=1.6 
Lower Case @) 


H=6.0 m H,=6.50m 
1.6 % 6.6 
— 1.6% 6.0 ی ی ااا ےا‎ ۴ 
Ab ,,= 1.6 ¥ 6.0 — 4.80 <10 ے ی = ن(‎ 29.7 < 3 
Unsafe Buckling 


Short Col. 
Increase D->bD=-0.50m 


1.6 ¥ 6.56 _ 208 < 0 


Xb 0.50 


out 


Long Col. 
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Take the bigger value of Ab = 20.8 (Out of plane) 
The Buckling Out of plane. 


2 2 
(A0 * Û _ 20.8+ 0.50 _ 0.108 m 
M y= P+ § =787.5 x 0.108 = 85.05 kN.m 


85.05 kN.m 


525 kN.m 


اوھ اا 
Using Biaxial I.D.‏ 


ا توجد قیمه غیرها فی ال ؟€٥٥٤‏ --------- 0.90 — assume Û‏ 


R= FE _ _ 787.610 _ _ 0.026 > R= 0.30 
FE,bt  30*500*2000 


ECCS Design Aids Page 56—13 


6 
e — 0.0056 0 <1.0 
FKubt” 30+2000*500 1 
6 Take 
My 5 525.0 «10 — 0.0087 — چجے و‎ 1.0 


FE. tb  30+500*2000ً١ 
-4 _َ 
U-P+F,x10 = 1.0 *30*10“ = 0.0083 


Astotaı = Û x D x = 0.003» 500» 2000 = 3000 mrê 
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As کا‎ 0.25+ 0.052 N maz 4 b » { 


TUT 
100 
0.25 + 0.052 )20.8( 2 > A4 
_ 0.26¥ 0.062 (20.8) „ 500» 2000= 13316 mf > A8 otal 


Take Ag = Asmin = 13316 mi(28 4 25 


توزع ع أسياخ فى الاركان و الباقى يوزع على الاربعه جهات . 


Ss 


8425 
2 $25 
2 $25 
2425 
2425 
2 $25 
2425 
8 $25 
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50( 


6- Draw the details of reinforcement For the Frame, considering the moment of 
resistance principle For girder part (c-d-e-f-g) in elevation (to scale 1 
20). 


and cross section (to scale 1 
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لا نرسم التسليح على شكل الد maxz— max B.M. D.‏ 


و لكن نرسم التسليح لاى حاله تحميل أولا ثم نكمل التسليح من حاله التحميل الاخرى 


0 0 
0 
0 


0 n رر‎ 
> 


0 
anna 
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mm E E E aT 7 


س 


8 


E 


7 
3 
0 
1 
1 


2 

0N 

8 Dn 
0 

K 


Design & RFT.of Frames 
Page No. 330 


(www.yasserelleathy.com ) 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 


Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. 


a 
8 0 
ص‎ a 
8 
8 | ف‎ 
0 
اج‎ 
a 
8 
a 
3 Sept 
SEM 
Ga pr 


4p%12 
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Example. 


Fig.(1) shows concrete dimensions and statical system of a Frame in an industrial building. 
The ‘interior spans of the Frame are subjected to dead and lve loads equal to 30: 15 kN/mt 
respectively while the external cantilevers are subjected to total load equal to 36 kN/m 


It is required to : 


1 Estimate the concrete dimensions For all elements of the Frame. 

2- Draw the absolute (maxz—mazx) Bending Moment Diagram. 

3- Draw the Normal Force and Shear Force Diagrams (Case of total load only ). 

4- Design the critical sections of the Frame For bending and/or normal Force. 

5- Check shear stresses at the critical sections. 

6- Design column (a—b) as a braced column. 

7- Draw the concrete dimensions and the details of reinforcement in elevation and cross-sections 
to an appropriate scale. 


Use: Fo,= 35 MPa » Steel 36/52 s b=350mm s Frame spacing =5.0 m 
Given Loads are working loads. 


الس السرم 6 اسم 4g‏ اا 


2.0 2.0 
Wa=356 I1 =30 enm I1 =30 enm wو=365‎ 
EN/m: Pj =15 Nm P1 =15 NM EN/m 
a LLLCL LL LLL TLLTL LT LL L1 [T1 Fs 
2.0 
6.0 
Wis(9,or Py) 
L=15.0m\ 
77.0kN +0.4wL 77.0kN +0.4 wL 
وال“‎ 
15.0 15.0 و‎ 
Figure (1) 
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1-Estimate the concrete dimensions For all elements of the Frame. 


الا سح واا > وا ےا 
20 15.0 15.0 230 


2- Draw the absolute (max—-max ) Bending Moment Diagram. 


3 
ج 


T.L. T.L. D.L. T.L. T.L. D.L. T.L. 
CELL 1 [1 [1 1a7 


Ra=77+0.4w, L 
= 77+ 0.4 )46()15( = 77+ 0.4 )30( )15( 
= 347 kN 


جح جج حح حح ج ج ج ج ج ج ج ع ص ج ص ڪڇ ي 
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Wa=35 W1 =45 914 =30 Wa2=35 


6.0 


M= 337.5 kN.m 


ا 2.0 15.0 شو لچم 8 1 0ے ل 
Ra=347 kN Rg=661 kN Fe! kN‏ 
977.5 


70 


B.M.D. (working) 


me IIIIII gt 


257 


N.F.D. (working) 


حح جج حح ج ج ص ج ص ج ڪڪ ڪڪ 
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385.5 


B.M.D. (U.L.) 


78.9. 


nnn... 


1 ع 
NINN‏ 
N >‏ 


اڳڍ 


A 


N.F.D. (U.L.) 


maxz—maxz B.M.D. (U.L.) 


ML 


1 NB 


0 
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3- Draw the Normal Force and Shear Force Diagrams (Case of total load only ). 


Wa=35 W1 =45 W1 =45 Wa2=35 


ا 0-2.0 .15.0-15 ——-2.01 لے 


Reg=77+0.4wL 2 Y= Zero R,=77+0.4wL 
= 77+ 0.4 )45()15( Rg=796 kN = 77+ 0.4 )46()15( 
= 347 kN = 347 kN 


347 


S.F.D. (working) 


© Copyright Eng. Yasser El-Leathy 2016 „ All copyrights reserved. Design & RFT. of Frames 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 336 


4- Design the critical sections of the Frame For bending and/or normal Force. 


520.5 


N.F.D. (U.L) 


Sec. (DD M=1466.2 kN.m , P =78.9kKN , Db =350mm 


6 
1466.2 *10 
d= س ا‎ = 1210.9mm (as R-Sec.) 


d= (1.1¬+>1.3( dٍ, = (1.1+1.3( )1210.9( = )1332 ¬+ 1674.1) mm 
Take d =1400mm:, t= 1400 +100 =1500 mm 


P 78.9۰10 0004 
٭ے‎ 0.04 . (neglect P 
Check F Di 35.3501500 < (neg ) 


“. Take Û = d, = 1210.9 mm 
“ Take d = 1300 mm و‎ t —1400 mm 
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8 =لJ‏ جد 3.50 C=‏ 
6 
ہہ 21وی _ ۰10 14662 ___ ہے سے ¢ ۸ .. 
J Fyd 0.780 *360*1210.9‏ 


Check As, A. eme 


reg. 


rin. b d= (0.2265 = ( bd = (o.22. : 135 -) 350 »1300 =1682.3 mî 


As „> Hanh d : .Take Ag= 4. 2 4312.1 mm 9p 25 


6° YU = b-25 = 350-25 _ 6.50 = 6.0 bars 
+25 25+5 


Sec. ® M=105 kN.m , T =54.91 kN, D =350 mm 


d 105 »10° دة‎ 
= 3.5 چو ا‎ gg = .0 mm (as R-Sec.) 
tt 


(0.9¬+1.0( (324.0) = (291.6 324.0) mm <3 


d = (0.9¬+1.0( d, = 


t, = - 1400 70 d= 650mm) , | =700 mm 


2 
یع ,8 0.6 دا 8ے 191 ے 


.05 = 1.61 Mm 


Mg= T +C€g = 54.91 * 1.61 = 88.40 kN.m 


..650 =€, || 1° _, 2C, =7.65 > ل‎ 6 
35 * 350 
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Ag = Ms Tur 
J Fyd " (Fs 
10 54.91 «103 
__ 488.40 «10° E DDE 
0.826 » 360 * 650 (360\ 1.15) 


Check Asye, As = 632.76 e 
a Tred. 


Min. b d= (0.225 7= )ù dı = (226. E ) 30 +650 =8.2 mnê 
Fy 


Min bd >48 ا‎ Asin 
As = (225 . 12 e - 841.2 mm . الأقل‎ 


TUT e 
- 822.6 mrê 


1. 3 As, .ي‎ = 1.3 632.76 = 822.6 mrê 


Sec. ® M=1112.8 kN.m , P =12.0 kN 


| 
9 Db =350 mm ئ‎ =1050 mm 700 
ا‎ ed 


P 12.0 *103 
4 _ ے‎ __ ۷*1 ~n 83 0.04 (Neglect P 
Check Fy, Dt 35350 1050 < (Neg ) 


The sec. will be T—sec. 1 


C.L.— C.L.= Spacing = 5.0m 5000 mm > 
713 


B=2468 mm 


B= 416ls+D = 16 «160+ 350 =2910 mm 


K+ D — 0.7 » 19130 +350 = 2468 mm 


6 
6 --> ل > 8.36= ,€ > گل || ,€ = 950 .. غ | ,= 
Fo, B 35 +2468‏ 
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Mur _ 1112.8«10°‏ وا 
J Fy d 0.826» 360 » 950‏ 


Check As A, 


= 3939.2 mm 
req. 


— 3939.2 mm 


Min b d= (0.225 Ve) bd = (0.225 « LEE ) 350 «950 =1229.4 mm 
Fy 360 


As, > Hund d ..Take As= As = 3939.2 mm (9 P25 


Sec. ® R-Sec. M=506.2 kN.m , P = 991.5 EN 


6 
d 506.2 «10 8 
o = 35 ll gg. ggg = 711.5 mm (as R-Sec.) 


d= (1.1¬>1.3( d, = (1.1>1.3( )711.5( = ) 782.6 > 924.9) mm 


*“ Take \d=850 mm j, jt =850 +50 =900 mm 


0 (column) < 0.8 (Beam) Take, (Column) = (Beam) — 1400 mm 


P 991.5 «10° 
Check Fo, l(t 353501400 > 


.. (Don’t neglect P) 
Design the Sec. on both N.F. & B.M. 


= € 0.51 5 Use 
991.6 7 051m « TT 1.40 = 0.36 > 0.5 كك‎ I.D. 
“ Use Interaction Diagram 


e = 0.85 = 0.80 €. ECCS Design Aids Page 4—24 


Py _ _991.5 «10 e 
F,bt 353501400 


Take 
9-1.0ضص° ,3 1.0<گض0‎ 
_Me _ _ 606.2 «10 _ 0,2 : 


Fab t7 358501400 
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M= P*Fg,*10 =1.0*35*10 = 3.5*10° 
As - Ag = [Mx Dx» = 3.510 * 350*1400 = 1715 mnê 


2 
0.8 bet = 0.8 «350 *1400 = 3920 mm 


— Check Asmin 08 


2. 
Asrggy = As+ AF =2»1715= 3430 mnê .“. Asrotı > Asmin 


. take Aş - Apş_ Asmin _ 3920 _ 1960 mrî 4P2) 
ہے مھ و‎ 9 


يجب أن يكون التسليح متساوى فى الجهتين لان العزم من الممكن 
ان یکون موجود فی ايا من الجهتين . 
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5-— Check shear stresses at the critical sections. 


tan B = _ - 0.046 
15.13 


— Allowable shear stress. 


-_ ¶., -4 e - 0.24 = 1.16 N\mrê 
Cc 
|85 
- 17 1 = 0.7 \ | = 3.8 N\mnî 
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Sec. (0 Q=591.7 EN , M=1466.2 EN.m 


(+( لاشاره‎ 
d = 1300 mm الاشاره (-) ا‎ 
3 
dy __@ _ MitanB _ 591.710" _ 1466.2»10%%0.046 1.186 fmm 
bd bd ˆ 3501300 350» 1300 


° d ıı < 10 < EY We need Stirrups more Than 54%8 \m’ 


. q _ nAs(F\ 5s) 
° U 2 E 
se dg= i 2 b 
* Take N =2 , p48 ج‎ As = 50.3 mm 


1.186 116 _ 2» 50.3 (24011.16 ( 50.3 )240\1.15( —, S=98.9 mm <100mm 
2 
350 +S 


+* Take Nn =2 , $ 10 > As = 78.5 mmîê 


1.186 - 1Ê. _ 2» 78.5 (24011.15) __, S-154.5 mm > 100mm < 0.k. 
350*5 


. No. of stirrups\m _ 1000 _ 1000 _6 47 =7.0 


. Use Stirrups 7410\mt| 2 branches 


Sec. © Q-411.9 EN , M=105 EN.m 
(+) |لاشاره‎ ( 


d = 650 mm | ا‎ 


dy __@ _ MitanrB _ 411.910" _ 105 «100.046 1.78 n/m 
bd bd ٌ 350+650 350+ 650 
“® GQ, „< Iu < d mag. Fe need Stirrups more Than S8 \m 


° Use dو-¶„‎ _ ee _ RAs(F\ 5s) 
2 b S 
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O.K. 


* Take MN =2 ج 8 ض4 ڪ,‎ 4s = 60.3 mm 


1.78 lÊ. _ 2» 50.3 (24011.16) __, S-60.0 mm < 100mm 
2 
350 +S 


+ Take n =2 , $ 10 > Ag = 78.5 mmî 


1.78 _ 116 _ 2» 78.5 (240۱1.16) __, 6-78.15 mm 100mm 
2 
350 +S 


+ Take Nn =4 , 48 > Aş = 50.3 mmî 


1.78 - 16 _ 4 * 50.3 (24011.15) ş S'= 100.15 mm > 100mm <. 


350 8S 


.. No. of stirrups\m* 1000 _ _1000 _ 9.98 =10.0 
9S 100.15 


.. Use Stirrups j|10¢8\ntj| 4 branches 


Sec. ® Q- 105.0 kN 


. q.__@ _ 105.0 »10 
oo® J = سے ا‎ 


e = 0.461 N\mmê 
bol 350+» 650 


“ dr < dq ıı > Use min. stirrups [5 $8 \mrt) 2 branches 


gE TE ETT OT FF OT EEE NGG TTS 
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6-Design column (a-b) as a braced column. 


Pr .ر‎ =520.5 kN 


Din plane. t=0.70m 


Upper Case (î) 


٤ K=0.75 
Lower Case (î) 
H,=7.65m 
= 0.75¥ 7.65 - 8.19 <5 
Xb 0.70 


@ Out of plane. t-=0.35m 
Upper Case (î) 


( K=0.75 

Lower Case (î) 

H,=7.90m 

Long column‏ 15> 16.92 = 90 1 ت 


Take the bigger value of 2 )ظط‎ = 92 (Out of plane ) 
The Buckling Out of plane. 


2 2 
§ (+ 0 _ 16.92 + 0.35 _ 0.050 
2000 2000 
Mraa= P+ 8 = 520.5» 0.050 = 26.02 kN.m 
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e= 8 = M _ £6.02 _ 0,05m M qd = 2 kN.m 


P 520.5 ad 
e 0.05 
€ =~ 0.143 < 0.5 €, ID. 
ا‎ 0.5 3 520.5 
350 +۳ kN 
سوم مم ا‎ 
035-01 o e 0.7 E. 1 
چ — . 035“ کے‎ = ۰ —mxme > 7. 9 2 ) 
Pu __ _520.5«10 _ 0060 
F.. bt 35+*700*350 
cu Pp 1.0 Take —- 1.0 
Mu _ 26.02 »*10 _ 0.008 E 


Fb t? 35*700*350° 


As-AF=U « Det=Ps Fs 10% Dstt =1.0435« 104 700«350- 857.56 mm 
As = As + Ag = 17165 i 
 0.26+ 0.062 N maz „ b« { 
Smin 100 


mm > A8,‏ 2768 = 350 «700 » 16.92( 0.052 + 0.25 ج 


As-A8= E 2768 = 1384 mrt 


2%12 0.35 
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levation and cross—sections to an appropriate scale. 


un € 
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d the details of reinforcement 


mensions am 


i 


7- Draw the concrete dı 


EE! 


لا نرسم التسليح على شكل ال .8.11.0 a»‏ n-azںm‏ 
و لكن نرسم التسليح لاى حاله تحميل أولا 


3 
د 
1 
د 
: 

3 


R.F.T. of the Frame. 


Pun 


-— 
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ص 
% 
8 
0 
0ا ۱ 
XÎ SIS‏ 
& ھا xg a‏ 
RN In ®‏ ¥ 


1 
1 


ج 0.70سم 
Sec. (5-5)‏ 


لتعليق الكانات 


الداخليه 


eee aa 1.05 
NI5 %25 
0.35 
Sec. (2-2) 
4p 22 
2%12 
4p22 


E 
& چ‎ 
5 Ge%tr 
ala * 
o 
ا ا‎ 3 a43 & 
© ¥ َ 
چ‎ - 2%42 © 
/ 
5 ITE 
8 
^ Ger 
g2 2 اھا ي‎ 
8&8 
MRSRRS © د‎ 
© 
ت هھ‎ 
> © 
9 
n 
© 
ا‎ 
ک۷‎ 
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